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Iritrodu ctiori 

In 1975, the K«109 American docimoii’ic experiment vms conducted 
on the Kot^mon-78? artif^cUil Earth fiatolllte. A Soviet experiment on 
dor.lnu'try and sptotromrtry of cnnmlc rDdiutlon was conducted on this 
same satellite at the mimr. time. Part of the Soviet studies were 
conducted within the framework of tho Joint Sovlet~French experiment, 
the Dloblock-S , Ajnorlcan tracking detectors made of cellulose nitrate 
CMUSF (threshold of recortUnR r.ETorA [lineynaya peredacha energil, 

linear energy transfer] t 80 were used for recording the heavy 

nuclei of gal.actic cosmic radlatlonj Soviet detectors made of cellulose 

n.ltratf' KMTs (t»ecordin" threshold IiET^gQ “ 200 |j^) and also Soviet 

nuclear emulsions of the PR -8 type, thermolumenescent dosimeters 
and spectrometers with S-1 telescope counters were used, 

The results of the experiments were discussed in a symposium 
presenting the results of the biological studies on the Kosmos -782 
AES held in September 1976 In Moscow, During the consideration of 
results of dosimetric studies, a considerable disparity was observed 
In the values of fluence of charged particles measured by the Soviet 
and American specialists (up to 10 times). These disparities can 
be explained by use of detectors with varying sensitivity, the 
absence of joint calibration, different locations for the 
detectors and correspondingly, different screening of them, etc. 

The results of studies on the Kosmos -782 AES also showed that fluence 
of particles depends strongly on the mass of substances surrounding 
the detector. For instance, in the K-103 experiment, a relatively 
large number of nuclei of Cr- 2 it and Ti-22 was recorded In comparison 
with Fe -26 vmich, apparently, is the result of fragmentation of the 
Fv -26 nuclei. Therefore, for correct interpretation of the results 
of measurements tt is necessary to have quantitative data on thickness 
of the substance, equipment, etc. which surround the detectors. 

It Is nevertheless necessary that a comparatively large mass of 
substance and scientific equipment of the satellite are the source 
of secondary neutrons. For part of the scientific results obtained 
In the Kosmos -782 AES experiment, a joint publication was prepared. 

For clarifying questions v;hich arose in the experiments on the 
Kosmos -782 AES, a joint Sovlet-Amerlcan K-206 experiment was planned 
on radiation dosimetry on the Soviet biosatellite in 1979* The 
design of the experiment was judged at sessions of the Sovlet-Amerlcan 
working group on space biology and medicine In 1976 in Yerevan and 
In 1978 In Leningrad; also it was considered in the v/orking sessions 
of Soviet and American specialists. During consideration of the K-206 
experiment, the necessity to pay particular attention to the following 
was noted: 

— ■ placement of the detectors in a single position if possible; 

— unification of methods for treating detectors; 
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— t.ho nocessity for ground calibration of the detectors on ac- 
roleratorfi In the USSR and USA} 

— study of the fields of neutron radiation within the hlo- 
satelilto; 

— conduct of the ganima-thickness measurement of the blosatelllte 
relative to the loonticn of the detector} 

— the necessity for conducting Investigations on accelerators 
in order to study fragmentation of heavy nuclei. 

All these recommendations were taken into account when compiling a 
plan for the K-206 experiment which was accomplished in August 1977 
on the KosmoB-936 blosatelllte. 
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SECTION 1. THE SOVIET PART OF THE K-206 EXPERIMENT. 
SIFFTRIC INVESTIGATION OF COSMIC RADIATION ON BOARD THE 

KOSrOS-93^i AES 

(nuGloar r>!r,ulr.irmB, f.l.!?Gir‘nable foils, plastlo defcecfcors) 


A.X. Vikhrev, S.A. Dashln, V. Yo. Dudkln, Ye. Ye. Kovalyev, 

A.M. Maronnyy, N.A. Nefedov, Yu. V. Potapov 
(Institute of Medical and Biolctelcal Problems of the Ministry of Pub- 
lic Health USSR, Moscow) 


1. Introduction 


/!} 


The present day stage of mait,tery of outer space is characterized 
by a significant increase in duration of orbital flights and more com- 
plexity in the operating programs of the crew who solve a broad circle 
of problems of scientific and applied value. This requires a careful 
study of different factors which interfere wltn completion of the pro- 
gram and have an effect on the work capability and health of the crew. 

It is necessary to isolate the radiation danger among these factors; 
it increases with an Increase in the duration of flight. Therefore, 
a careful study of the radiation conditions in the craft, v/hlch besides 
other things is sub;ject to a different time modulation, is an Im- 
portant and necessary stage in the mastery of near-Earth outer space 
using long-term orbital stations. 

The study in near-Earth orbits of fluxes of protons, neutrons, 
heavy charged particles, the value of doses from the components 
listed, spectra of linear transmission of energy (LET), "cross linking" 
of readings of different detectors placed in a single location, uni- 
fication of the methods of processing the detectors were part of the 
task of the joint Sovlet-Amerlcan K-206 experiment. A comprehensive 
ground experiment on calibration of the detectors used with a selection 
of different charged particles on accelerators in the USSR and USA 
was conducted for the order of preparation and for the check-out methods 

The following were Introduced into the composition of the flight 
dosimetric K-206 container in the Soviet and joint Soviet-Amerlcan 
section: 

— nuclear photoemulsion (for measuring fluences and spectra of 
charged particles); 

— foils from materials fissionable under the effect of particles 
(for measuring fluences of neutrons with different thresholds beginning 
with 1 MeV); 

— theriiiolumlnescent glass (TLG) (for measuring the integral dose); 

— plastic detectors (for measuring fluences and spectra of LET /B 


^Numbers in the margin Indicate pagination in the foreign text. 
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of charj’CMl , 

In the cu«GO';"fllnf, Soctiono v?o will preiiont processing methods and 
the rooiufeG ootalmd for all of the detectors used will be presented. 


2. Nuclear Photoemulsions 


Nuclear photocmulsions in the K -206 experiment were designed; 

— for measuring the fluence of charged particles at different 
points on the container Including points with different protective 
thlcKneosj 

— for studying the spectrum of linear loss of energy of charged 

particles in the 0 . 2-60 KeV/w: 

— for evaluating the value of the dose from charged particles 
In the indicated LET range. 


2.1. Materials 

In the experiment y nonbacked relativistic PR-2 photoemulslons were 
used for measuring the LET spectrum (density of the grain for the 
relativistic single charge particles 20+2 grains/100 pm, brand G 
emulsion ) 5 the BR-2 was used for measuring fluxes of charged particles 
(density of the grains for relativistic single charge particles 30 + 2 
gralns/100 pm, brand V emulsion) and R-^2T-50 type photoemulslon on “ 
a triacetate base (density of the grains for the relatlvisitic single 
charge particles 30+2 gralns/100 pm, brand A). 

The collection of nuclear photoemulslons contained: 

Q1 — Qi| — a BMayer emulsion of the PR-2 type with thickness 215 
pm and area 5-2 X cm^, brand Gl: G5, G 6 , G7; G 2 : G 8 , G9, GlOj 

G3: Gll, G12, G13; Gil; Gl4, G15, Gl 6 j 

VI- — Vt — a 3 layer emulsion of the BR-2 type with thickness ilOO 
pm and area 5.2- X cm^ brand VI: V5, V 6 , V7; V2; V 8 , V9, VIO; 

V3; Vll, V12, V13i V4: Vli|, V15, Vl 6 ; 

A 1 — Ail — il layer emulsions of the R-2T-50 type with thickness /9 
60 pm and area 7.5 X 7.5 cm^, brand Al: AilO — Ail3; A2: Aili} — Ail7; 

A3: Ail 8 — A51J Ail; A52— A55. 

A5 — A 6 — a il layer emulsion of the R-2T-50 type thickness 50 pm 
and area 6.0 X 6.0 cm*, brand A5i A57» A 58 , A59» A 6 O; A 6 ; a 61, A62j 

A 63 , A 6 ilj 

Three sets with indices Kr-200, Kr-ilOO, Kr-2000 2 layer emul- 

sions of the PR-2 type with thickness 215 pm and area 5-2 X 2.6 cm^, 
brand Kr-200: G35, 036; Kr-ilOO: G37, G38; Kr-2000; G39, GilO. 

All of the sets were wrapped in black paper and sealed in a packet made 


2 



of lavsan 20 vm thick, the number of the set was inscribed at one 
corner of the packet i on this same corner, the appropriate indices 
of layers of the nuclear photoemulsion making up the set was marked. 


2.2. FllKht Experiment 

The joint Sovlet-American K-206 experiment was completed on the 
KoBmo8^936 artificial Earth satellite, The satellite was launched 
on August 3, 1977 and was in orbit for 19,5 days. The parameters of 
the orbit were; apogee — ^119 km, perigee — 22^1 km, angle of inclination 
of the plane of the orbit to the plane of the equator — 62.8°, the 
period of rotation around Earth— 90.7 minutes. 

During flight, operative control was carried out of the radiation 
conditions according to astrophysical data and also direct control using 
radiometers on board the Prognoz satellite. Activity of the Sun was 
at an average level. There were no solar flares in the indicated 
period. An overall view of the container with detecting blocks Is 
given in Figure 1. The assemblies of the nuclear photoemulsion were 
positioned In the following way: 

A1 — a 6 — along the face of the Soviet block A, then along the 
lateral face (orthogonal layers) assemblies A1 — A^{ ^1 is turned to- 
ward the joint block C, further in order clockwise if one /II 

looks from above), A5 and a 6- — along the upper and lower faces, 
respectively j 

01 — 02 — assemblies along the upper and lower faces, respectively, 
of the Joint block b placed in a row vtflth the Soviet block A; 

03 — 0^ -- assemblies along the upper and lower faces, respectively, 
of the joint block b placed in a row with the American block A; 

Kr-200 and Kr-400 — assemblies along the upper face of the Soviet 
block A under the assembly A5; 

Kr-2000 — assembly along the lower face of the Soviet block A 
under assembly a6. 

The view from below of the container with marking of the faces 
is presented in Figure 2. All of the assemblies of the nuclear emul- 
sion before installation on the satellite and after return from orbit 
to Earth v^ere kept in a refrigerator at a temperature of +3 — 5°C 
before photographing treatment. 


2.3. Calibration Experiment 

In order to obtain a calibration curve before measurement of the 
LET spectrum, broad calibration iriadlation was conducted by beams of 
accelerated charged particles. The problems of calibration were ir- 
radiation of the emulsion layers of a set of particles with different 
values of LET for determining the threshold of the phenomenon. A 
summary of the calibrated irradiations presented is given in Table 1. 
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Figure 1. Overall view of the K-206 container with the 

dosimetric assemblies. 


All the layers of nuclear emulsions before conducting Irradiation and / II 
then before the moment of photographic processing are kept In the 
refrigerator at a temperature of +3 — 5°C. 


2 A. Photographic Treatment of Nuclear Emulsion 

The appearance of a relatlvlsltc nuclear photoemulsion of the VR-2 
and R' 2T-50 type v^as conducted by the standard method in a 

methol-hydroquinone developer. At the same time, the flight calibration 
and control layers were put into a single solution. Development of 
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Flgui'e 2. View from below Into the container with dosimetric assemblies* 
plates of the type 
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CTi*an 0 latoi?'s note; page missing in the onlglnal text including 

reference to Plgure 33* 
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TABLE 1. CALIBRATING E3?P0SURES 
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Figure 3. Typical marking of a cross section layer of emul 
Sion of the PR-2 type v;ith a two-potential development. 


Inspection of emulsion was made on MBI-3 and KSM microscopes with /16 
total magnification 900 — 1350 depending on the degree of load of the 
photolayer. As a rule, lenses with an immersion oil were used. 
Measurements were made at 5 different points on the plate In case of 
small differences which were always observed in all plates; the path 
for the entire length (or width) of the layer v;as inspected with 
fixing of the number of fields of vision and number of tracks (ac- 
cording to the surface and volume). The number of fields Inspected 
varied from 50 to 200 depending on the load of the emulsion; this 
resulted in a statistical error no worse than 5% with standard 
development . 

For a decrease in systematic error, repeated inspections v^ere 
made of the plates and also intersecting measurements with different 
inspection Instruments. 


2.6. Results Obtained 

The first stage for obtaining experimental results using nuclear 
photoemulsions included obtained a calibrated relationship of the 
threshold of LET to the potential of development . For obtaining the 
value of the LET threshold with each potential; measurement was made 
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Dot ermln.it Is Vi of t-Le throchold value of LET (scaling on the tis- 
sue) for cacl. of the f valiuH; usesi of the oxidation-reduction potential 
niadG it ponnlblo to construct a calibration curve presented in Fig- 
ure 5. The largest error in determining LET corresponds to the area 
of the plateau on the curve. In this field, small deviations In de- 
termining the OVP Loxldation-roductlon potential, ORP] can result in 
a significant error in clotermining LET particles. The errors in 
Figure ‘ include statistical error (leas than 5^), error in measuring /!£ 
OVP (less than 21?), dispersion of the energy spread of calibrated 
particles (less than lOlO. 

On the basis of data from Flguros and 5, one obtained threshold 
values of LET for the values of the potentials used. These data are 
presented in Table 2, 

Table 3 shows the measured planar fluences of charged particles. 

We will designate the planar fluence, according to u2] as the number 
of particles passing through the stationary surface for a unit of 
area. These measurements are made on a relativistic photoemulsion of 
the BR-2 and R-2T-50 type. Due to the large load of emulsion with 
tracking of particles (some emulsions were completely black and 
measurements were impossible to make) error in determining the planar 
fluence can reach an order of magnitude and the measured values can 
be considered only as low estimates. 

Table ^ shows the results of measurement of the planar fluence 
and volumetric density of tracks in the PR-2 type emulsion with dlf- / 21 
ferent threshold values of LET. The Indicated errors were purely 
statistical. Usually it is considered that radiation in cosmic space 
is isotropic. The anisotropy of space radiation observed in a number 
of measurements usually is not large and can be ignored for practical 
computation of doses and dosimetric measurements. Due to varying 
shielding of the internal volume of the satellite, there is interest 
in measurement of angular distribution of incident radiation within 
the satellite. Such "measurements were made on the upper and lower 
faces of the joint block B placed in a row with the Soviet block A. 

Figure 6 shows angular distribution of charged particles according to 
measurements on the Ct 5, 06 (01 assembly) and 09 (02 assembly) layers. 

One should note the high degree of anisotropy for the 01 assembly 
in comparison with the G2 assembly. 


2.7. Consideration of Result s 

The studies made and the results obtained make it possible to 
evaluate the radiation danger within a spacecraft, the Gonti'*lbution 
to the dose of particles with varying LET, and to make a com.parison 
of results by different methods. 
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TABLE 2. THRESHOLD VALUES OP LET FOR THE VALUES OP POTENTIALS USED /1£ 


No, of plate, 

• 

• 

5 Potential of develop*- 

. mont, mV 

• 

• 

• * 

• 

• 

Threshold value LET in 
I the emulsion, MeV/cm 

• 

• 

• 

• 

• 

' Equivalent 
I threshold value 
: LET in the tis*' 
sue, MoV/cm 

• 

• 

I 

- 240 

i 2 

. 5.5 i 0,4 

2.3 -j: 0,4 

2 

-•190 

± ^ 

I2,0‘± 0,5 

4,6 + 0,5 

3 

- 185 

± 2 

16,0 J 0,6 

6,2 ± 0,6 

4 

- 180 

i 2 

\ 23,0 ± 0,8 

9,1 i 0,8 

5 

- I?5 

+ 2 

‘ 33,0 -i- 0,8 

13,5 + 0,8 

6 

- 165 

i 2 

600 i 20 

300 + 20 


We note that for measuring the fluence of charged particles, / 21 

nuclear photoemulsions for flights of this duration are not the best 
detectors. The maximum measured fluences In the emulsion do not 
exceed 10^ — 10® partlcles/cm^ (measurement of large fluences is prac- 
tically impossible due to the excessive load of the nuclear photo- 
emulsion). This contributes to the natural limitation for use of 
nuclear photoemulsions with the standard method of development as 
detectors for long-term flights. 

The use of nuclear photoemulsion as the detector for measuring 
the LET spectrum is more promising using a method of two-potential 
development. In combination with the ulastic detector which makes it / 23 
possible to measure the LET spectrum with a value > 100 KeV/pm, this 
method makes it possible to obtain the full LET spectrum of radiation. 

The complexity of measurement of the fluence with small values of LET 
as a result of large load of emulsion can be avoided by measuring 
the full fluence by another detector, for example, fissionable foils 
or a spectrometer. A disadvantage of the method is its great difficulty 
and also the necessity for conducting fairly broad graduated irradiation 
by beams of particles with different LET values. 

On the baids of the LET spectra measured, one can calculate the 
absorbed and equivalent dose in the emulsion and also using transition 
ratios, in the tissue. A calculation of absorbed and equivalent doses 
is done according to the relationship: 
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TABLE 3. PLANAR PLUENCES OP CHARGED PARTICLES ACCORDING TO MEASURE- 
MENTS IN THE BR-2 AND R-2T-50 TYPE EMULSIONS 

/20 


Itocation of tho 

Index of tho emulsion 

: Planar fluence, 

fomulslon 
S 

• 

t 

• 

• 

layer 

. 10® part/cm^ 

• 

'Along tho 
face of 

AI 

A40, A42 

2,25 

Along the 
face of 

A2 

A44, A45 

1,7 

Along the 
face of 

A3 

A48, A49 

2,08 

Along the 
face of 

A4 

A53, A54, A55 

2,18 

Along the 
face of 

A5 

A56 'ASS . 

2,15 

Along the 
face of 

A6 

A60 

2,64 

On top of the com-. . 

9 

6,8 

bined -block 

VI2 - V 13 

Below the 

combined block 

1 

vI4 

7,0 
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G 

J) a = Z 

K=2 


H. 4 

K-2 


' Ve-Pe 

-58 ^ {if QTi)+ 


Here Dg and Hg — are the absorbed and equivalent doses in the emulsion, 
rad or r<em; 

Ir Jr 1 

'♦’v ~ mean volumeti’ic density of tracks from the LET 

in the Interval from to 

Tg — the average length of track in the elementary volume of the 
emulsion, cm; 
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TABLE k. MEASUREMENTS IN THE PR-2 TYPE EMULSION WITH DIFFERENT THRES- /lO 

HOLD VALUES OF LET 


Potential o£ Threshold value Planar £luenco, Density of Volumetric 

jlimulsion devolonmont, of LET in tls- cm~2 flux, cm-2 density of 

MV sue s"' sterad’ * tracks in the 

emulsion part . 



-240+2 

2,3 

+ 0,4 

(2,92+0,20). 

(I, 30+0,1). 10' 

’2 (?,B+0.^ 




* 

.10*^ 

t * 

• .10'^ 

^ 12 

‘ ^ 

' -190+2 
* 

4.6 

± 0,5 

(8,7SiO,6I). 

,10“* 

(4,I2i0,3).I0‘ 
^ • 

(1,06+0 , 
• d:0 , Op) + 


-185+2 

6,2 

+ 0,6 

(7,44±0,45).IC 

^ (3,5±0,5).I0' 

■'’(7,99+0,: 
■ .I0“6 

f 12^ 

-180+2 

9,1 

+ 0,8 

(2,52 + 0,25). 

(I.I9.+0,I2).I0’“‘'*.(S,I5+0, 

4 

• 


* 

' .10"^ 

» • 

‘ .10'^ 

v-iL 

-175+2 

13, ( 

+ 0,8 

(2.04*0,61). 

(9, 7+2, 9) .10"° 

(I.IO+O.C 

f , 

4 

• 


• .10^, 


’ .10 ^ 

0 

-165+2 

300 

+ 20 

(5, 1+2, 6). 10® 
% ^ . . 

(2, 4+1, 2). 10"'’ 
« • . » 

(I,2V±0,2) 
■ .10° 


— is the mean value of LET which determines the k and k+1 /23 

vA-X I* H 'R' ' ~ ' 

threshold of development, MeV/cm; — is t;he mean value of the co- 

efficient of quality for the two values of LET: k and k+lj V —is the 

elementary volume in the emulsion (cylinder with base equal to the 
field of vision in the microscope and height equal to the thickness of 
the layer), cm^j p^— density of the emulsion, g/cm^; 1.6 • 10"® — the 

transfer coefficient from the absorbed energy to the dosej — fluence 

of protons according to measurements with fissionable foil, prot/cm^j / 2k 
(j,2 — the planar fluence of charged particles in the emulsion with a 

second potential (LET ^ b.*l6 KeV/pm) . The dose in the tissues \ms 
recalculated from the dose in the emulsion starting with the simple 
relationship : 






f sL3. 






Ik 
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Figure 6. Angular distributions of charged particles 
according to measurements in the emulsion. 


Figures 7 and 8 show the integral relationship of the dose in / 2^ 
the tissue (according to the Q12 plate) and the density of flow of 
particles (according to the G12 and Gl^j plates) from LET radiation. 

The total absorbed dose measured along the G12 plate is ^33 mrad. With 
a calculation of the relationship of the coefficient of quality to 
let, the value of the equivalent dose is 638 milllrem (Q = 1.47). This 
value of the dose from the charged particles is obtained with the 
following assumption: 

a) the contribution to the dose from stars formed during inter- 
action of incident particles with nuclei of the medium is not considered; 

b) the contribution to the dose of particles with small LET was 
evaluated according to the measured fluence of the protons using a*^ 
uranium detector (see Section 3)* According to this measurement the 
fluence of high energy protons is 6.9 * 10® prot/cm^, which results 
in an addition of 298 mrad to the dose. 
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ORIGINAL PAGE IS 
OP POOR QUALFIY 


Figure 7* Integral relationship of absorbed dose from linear loss of 

energy In the tissue. 


c) the contribution to the dose from neutrons of retarded and * / 2^ 
gamma radiation and electrons is not considered. 

The contribution to the absorbed dose of stars can be evaluated 
according to measurements made by Schaefer during the joint Apollo- 
Soyuz flight [ 3 ]. During the 8-day mission, this contribution was 
7.8 mrad or 45 mllllrem. Taking into account the fact that the Apollo- 
Soyuz flight and the Kosmos-936 flight occurred in orbits with fairly 
close parameters, one can make a correction for the contribution of 
stars to the dose due to the varying duration of the flight (9 and 19.5 
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Figure 8. Integral density of the flux of charged 
particles in relation to linear lines of energy in 

tissue. 


1 — Gl^J plate, K-206 experiment 

2 — G12 plate, K-206 experiment 

3 — Kosmos -782 AES, spectrometer 
ij — Kosmos-782 AES, emulsion [8] 




da.VRj * Trtr«n, fehlu ft ronferibiitiori to th© dose 

r.tr,rn i'ov th*' Konr.ior.-936 flinhi 1rs 17 mrad or 96 mllllrem. Taking 
thin oofitrlt ufclor. io the flofte into ftcocunt noftsured using emulsions 
arid caleuiatinr, tov tlsimo, It amounts to ^150 mrad or 73^ milllrem 
* 1.6?), TKe values of doses obtained ran be compared with values 
wertsured iirinp, Tl.n mid TI.D established at the same points, The values 
ineftBured of doses in the TbS by volume 1.3 X 1.3 X 0.^1 om^ amounts 
in ncaling on the tissue to 680 + iiO and 570 + 60 mrad (above and 
below, rospeebivcly) , Accordinp^*"to the measurements in the TLD, the 
absorbed dore is + 38 and 5?3 + 67 mrad [ii]. 

American speeialists In the K-0Q6 experiment also measured doses 
in the K~3 type nueloar emulsion from protons with an energy of leas 

than 10 MeV (|| >. 4.5 KeV/iim). The values of the doses for two 

measurement points are 44,2 mrad or 130.2 milllrem (Q * 2.95) and 
49.6 mrad or 145.9 milllrem (Q ■ 2.95) C43. According to our measure- 
ments In the emulsion the dose from the particles with LET^^ 3: ^*5 

KeV/pm is 49,3 mrad or 243 milllrem (Q » 4.9). The question as to 
how noticeable the disparity is In values of the coefficient of 
quality and, correspondingly, in the shape of the spectrum of par- 
ticles with LET above 4.6 KeV/pm requires fuibher consideration. 

The analysis of results of emulsion measurements made In the K-206 
experiment indicates 

— the necessity for further unification of all detectors used, 
the conduct of simultaneous calibration Irradiations of different 
detectors on beams of ionising particles; 

— the necessity for conducting a detailed comparison of the 
LET spectra according to measurements in nuclear emulsion and with 
the S-1 spectrometer; 

— the necessity for increasing the number of potentials of 
development for obtaining the LET spectrum with more frequent de- 
composition particularly in the field above 10 KeV/mn; 

— the necessuty for measuring the characterisitcs of radiation / 28 
Incident on the spacecraft; 

— the necessity for measuring fluences and spectra of LET 
for different protective layers; 

— • the necessity for making the appropriate calculations ac- 
cording to passage of cosmic radiation through the protective space- 
craft taking into account the experimentally measured spread of the 
mass. 


3. Fisrlonable Foils 


Fissionable foils under the effect of the neutrons of the materials 
are designed for measuring the fluence of neutrons with different 
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threshfil'lu* beKlnnlnp with *- 1 Jm«l nlRf> for* evaluating the fluence 
of protonc with an onergy nhrvf 17 HcV. 


1,1. MaieriftlH ami Kethoda for* Processing 

. '■ m i 'TOB w m t i 1 ' - !iJ ! #. * » ., .T7i»'i iMi nr: »g j|uui i w.,ip » ; iii ■»»»*»«* mem ■wam i mnc -tem n wi w mmmmm ^ m muir mr -iwf #•* 

Plcuionahlf* foils were uofti in the escperiment made of B1-P09 
(thickness * 0,3 wg/cn^and « 1 g/cm^), 11-238 (thickness « 1 mg/cm^ 
and 3»8 g/cni^), tlr-237 (thickness 0.03 mK/cm^). Recording of the 
fragnicnto of division due to the effect of neutrons (and protons) 

>ms aeccKplished by glass (bismuth and uranium foils) and mica 
ineptunium foils). The sets of these dosimeters were placed on the 
upper and lower faces of the Soviet A block. All of the foils before 
and after completion of the flight were kept separate from the de- 
tector (glass, mica). On September 15, 1977, chemical processing of 
the flight and control detectors was completed. The processing method 
was standard. The traces of fragments of separation which appear after 
treatment with fluoric acid on the glass are counted using a micro- 
scope vflth a magnification of 300. 

Calculations of the fluenoes of neutrons were made according 
to the well known relationship; 


•I- 


K • N, 


<r 


where i}) — is the fluence of neutrons, neutron/cm^j / 29 

— the number of fragments of division recorded, cm“^j 

K — the effectiveness of recording the fragments of division, 
for glass K “ 0.ii2j 

No — the number of nuclei of the divided substances of the tar- 
set, nuo/ora2; 

e^-oroes section of division of the nuclei by neutrons. 

We note that the cross section of division under the effect of 
neutrons has a threshold character. Figure 9 shows a cross section of 
division by neutrons of different energies C53. 

The reactions of separation also occur under the effect of pro- 
tons (method of calculating fluences of protons is completely similar). 

In a case of mixed irradiation (as in our case) it is difficult to 
isolate the recorded fragments caused separately by neutrons. For 
this division it is necessary to know the shape of the energy spectrum 
of neutrons and protonn and also the full fluence of protons. Such 
data can be obtained by a tvrofold method. Firstly, using data on 
the shape of the spectrum and full fluence of protons with an energy 
greater than 17 MeV (LET^^ < 3 KeV/pm) obtained using the S-1 

spectrometer, It was established separately from the K-206 container 
as a rule. This circumstance can lead to difficulty in evaluating 
error as a result of different shields of the spectrometer and fis- 
sionable foils. Such v7ork at the present time has not yet been com- 
pleted. The shape of the spectrum of neutrons can be used according 
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fco feh® bibliographical data. 

Second!?/, division can occur on fche basis of well known rela- 
tionships from another flight, For purposes of unamblgulty (also 
like American specialists Ct]) we will use the relationship on fluence 
of neutrons and protons obtained on the Skylab According bo the 

data, 2h% of the recorded fragments are caused by neutrons. 



Energy of neutrons, ( MeV ) 


Figure 9. Gross section of division of U-238 by neutrons of 

different energies. 


3.2. Results Obtained and Their Consideration 

In the measurements made, the number of recorded fragments for 
1 cm^ is: on the Bi and Np foils — at the background level; on the 

U foil v;lth thickness 1 mg/cm^ — 18 frag/cm'-^ and thickness 5 g/cm^— 
15^1 frag/cm^. Taking into account the number of nuclei which par- 
ticipate in the recorded reactions, the fluences of particles which 
cause such density in the recorded fluxes, amount to, respectively, 
1.7 • 10^ and 1.2 ‘ 10^ part/cm^‘. Taking into consideration the con- 
tribution of the neutron components (2^%), the fluences of neutrons 
with energy greater than 1 MeV amount to ^.1 • 10® and 2.0 • 10® 
nettt/cra^. The corresponding measurements by our American colleagues 
give a value to the fluence of neutrons (E > IMeV) 2.1 • 10® neut/cm^ 


Ii4i 'in I M*nr pniiewlmt b* 2ov; n rngnitiidn fhe agreement: of tho 

.•ilnot*' i.*> rorpletr^?? nn* in\v «r.v. An evaluation of the 
BpcrlftJ* clone *,?] onulvalent fcn the dr»ue from neutrons gives the 
value of lAo millimns which agrees well with the evaluation of 
the American epoeiallsts of l?t milllrem [t]. 

The cvnlnaHnn prenented of the fluence of protons (Br f 17 KeV) 
with u oaXculatiop of a eontribution of neutrons gives the value 
of Ctablnn into account the difference in value of the cross section 
of division for protons and neutrons) 7.9 • 10® and 5*9 * 10® prot/cm^. 

In rubsequentj exprrlmentf., one can continue measurements of fluences 
of neutronr. having given attention both to the expansion of the range 
of recorded energy of neutrons (right up to thermal) and the increase 
in prccicion in the field of energy study (higher than 1 MeV). 


Dielectric Tracking Detectors 

Measurements of fluences and spectra of heavy particles of cosmic 
radiation were made by our group during recent years on a number of 
space objects C8> 9-12]. These works showed that polymer dielectric 
tracking detectors are very effective for this typo of study thanks 
to their insensitivity to background radiation (electrons, protons, 
photons), tissue equivalency, and long retention of information. / 3? 

Interest in this study is due to the capability of heavy particles 
to inactivate cells of the organism of man and other biological sub- 
jects and, in particular, the unique regenerating structures. The 
latter circumstance can be considered when planning long-term space 
flight only v/hen there is broad physical data on this type of particle 
In outer space. 

The dielectric tracking detectors in thd K-206 experiment are 
designed for solving the following problems; 

— measurement of the flue .>e of heavy charged particles at dif- 
ferent points on the satellite} 

— the study of attenuation of the fluence by different layers 
of the shield} 

— obtaining charged and energy spectra of heavy changged par- 
ticles v/here the container is installed. A method is presented below 
as well as results and consideration of the data obtained. 


i|.l. Materials 


In the experiment, nitrocellulose detectors were used (Kodak-Pathe 
and KNTs), polycarbonate (Lexan, Macrofol) and lavsan. The detectors 
were combined in several assemblies and blocks located at different 
points In the container and the satellite. 

The 7F — 12P assemblies contained two layers of nitrocellulose 
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(Kodak) and polyearhoriai.'.- (Loxun) detect/orn with diinenRlons 4.5 X 6.0 
cm. The layei'R bb marked A, C, D and A and B are polycarbonates. 
A13 of the aceombliee w<^ro scaled in packets with black polyethylene, 

The A and B blocks contained, respectively, 148 and 4o6 de- 
tootinc layers asseir.bled in a single aligning coordinate system. 

The syrjtem of alternating layers in the blocks Is presented In Fig- 
ures 10 and 11, 



KNTs, 32 layers 

Macrofol, 60 Mm, 3 layers 

KNTs, 5 layers 
Macrofol, 60 am, 3 layers 

KNTs, 4 layers 

MAcrofol (200 Mm) + Lavsan (80 Mm), 3+2 
KNTs, 3 layers 

Macrofol (200 m"*) * Lavsan (80 m>") ,3 + 2 
KNTs, 3 layers 

Macrofol (200 Mm) + Lavsan (80 Mm) ,3+2 
KNTs, 3 layers 

Macrofol (200 Mm) + Lavsan (80 Mm), 3+2 

KNTs, 4 layers 

Macrofol, 60 Mm, 4 layers 

KNTs, 3 layers 

Lavsan, 80 Mm, 10 layers 

KNTs, 3 layers 

Lavsan, 80 Mm, 10 layers 

KNTs, 4 layers 

Macrofol, 60 Mm, 10 layers 

KNTs, 24 layers 


Figure 10. Diagram of block A (USSR) 


Besides the assemblies described, several others were used made 
up of three layers of KNTs which were placed at different points in 
the satellite. 
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KNTs ‘ 

( 

(ilop i.m) 10. 

layers 

t 

Loxan 


200' 

KNTs 

(~ iOO um) ■ 

-layers 

Loxan 

(-190 .. 

ZOO layers 

KNTs ” 

(-iOO ..m) 

(iO layers 


/IS 


Figure U, Diagram of the B block (USSR) 


. g , Flight Experiments 

In the flight experiment the A, B, C blocks were placed in a 
single container (Piguro 1) in such a way that the plane of the de- 
tector was turned toward the cover. Numbering of the layers goes 
from top bo bottom. 

The 7F — 12P assemblies are placed along the faces of the Joint 
block in the following way: 

7F and 9F — on the "bop" and "bottom" faces, 

8P, 12F, 19F, IIF — counterclockwise around the face of the block 
with the 8F found on the face turned toward the American B block. 

Three layer assemblies: the D port of the exterior S-1 instrument 

and the E.- container on the external surface of the satellite. 

All of the assemblies and blocks of dielectric tracking detectors 
before installation in the satellite and after return to the laboratory 
before etching were kept in a refrigerator. 


ij.3. Calibration Experiment 

The problems of the calibration experiment are measurement of 
the threshold of recording of detectors and obtaining calibrated points 
on the calculated curve of the dependence of maximum etched 
length of the track from the charge of the particle. For this purpose, 
the samples of detectors from different batches of material were ir- 
radiated on different units with a set of heavy ions of varying energies. 
The data on the irradiations made are presented in Table 5. All of 
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the defcv^ofcor^ bel’oro drraaiatlon were Bborcci In a dark cooled room and 
after ir,radlablon before etchlne;‘***ln a refrigerator. 


^1. <1. Chemical ProcesslnR of the Dielectric fraoklns PebectorB / 37 

After return of the flight blocks to the laboratory they were dis- 
mantled and the detectors were subjected to chemical treatment— etch- 
ing. 

Etching of the detectors was carried out in an aqueous solution 
of NaOH. For KN'fs and Kodak-Pathe cellulose nitrate, the parameters 
of the process were, respectively, the following? concentration 6N 
and n,5N} temperature ,E0°n and ^I0°C; duration — 7 and 10 hours. 

Plight, calibration and control nonlrradlated layers were Immersed In 
a single solution simultaneously. Because the KNTs detector blocks 
irradiated in Berkeley were absent when processing was begun of 
flight detectors, their etching was carried out later In the same 
solution. The identical nature of the solution was controlled In 
concentration of products of etching, density, pH Inder and titx’ation. 

The thickness of the detectors .after etching was 700 ani (KNTs) 
and 90 jjm (Kodak-Pathe) . 

The surface of the KNTs detectors after etching bocamo diffusely 
matte which made subsequent examination difficult. Due to this, the 
surface of the detectors of this type was treated with a colored solu- 
tion of polyvinyl acetate (PVA) which, after drying, forms a thin 
transparent film. 


4,5, Method of Inspection of Dielectric Tracking Detector s 

The Kodak-Pathe detectors from the 7P — 12P assemblies were used 
for measuring planar fluence of charged particles, that is, the num- 
ber of particles which pass through a stationary surface per area 
unit [2], The procedure amounted to counting the number of tracks 
In two stages: first the tracks located on the 1,5 cm bandwidth along / 38 

the length of the side of the detector j then a count was made of the 
entire area of the detector. At the same time, measurements were made 
of geometric characteristics of tracks, whose data are necessary for 
obtaining the LET spectra. The process of scanning and measurement 
was carried out on the MPE-1 microscopes with a volumetric magnifi- 
cation of 300X— 600X. The statistics of observation provided a pre- 
cision no worse than 

The measurements of fluence of particles In the KNTs detectors 
were made using the MBS-2 steroomlcroscopes with a magnification of 
3SX — 80X, The. KNTs detectors Introduced into the A block were designed 
for measuring charged spectra of heavy nuclei for the maximum length 
of the track. A multilayer method was used for speeding of scanning, 
that is, etched and coated detectors were first made up into a set of 
5 — 6 layers assembled for the same coordinate system as during exposure. 

In the scanning process, the coordinates were fixed at the beginning. 



TABLE 5. CALIBRATED IRRADIATION OP DIELECTRIC TRACKING DETECTORS 


No. 

• Type of 
J particles 

* Enoi^y, 

:r,IeV ‘/hue Icon 

• 
t 

<* 

A 

particles 0 , 5-1 , 3 



2-6 

n 

< 

V 

'^12 

3,7 - 9,1 

! 


i 

.2,4 - 9,1 


T~ 

Type of . j Location of 

detector ! ^ ^irradiation 


KNTs . 

45° 

IMBP 

KNTs r 

19° 

LNR JINR^ 


51° ■ 


KNTs , 
Kodak 
LeKan 
Lavsan 

SO® 

M » 

KNTs . 

30° 


Lavsan 




5 




t) 


7 

6 


9 


! 




3,25 

'• KNTs 
Lavsan 

\ 

\ 

10°, 30° 
45°, 60°, 
90° 

U _ 

0,25-3,75 

lil^s 

Lavsan 

20°, 45°, 
90° 

^ tl ^ 

I, 7-6,0 

Lavsan ^ 

20°, 45°, 
60° , 


199 . 

KNTs 

(assembly) 

30°'. 45-', 

Berkeley, USA 

i# 

90 

Lavsan 
(assembly ‘ 

45° 

If ^ 

509 

KNTs . 
(assembly) 

45° 


II4 

k 

Lavsan 

(assembly) 

45° 

__ ,1 _ 


1 


[Laboratory of Nuclear Reactions, 


Joint Institute of Nuclear Research]. 
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iiml al l oints. uf v*t..lr»n of the tracka of the surface of the assem- 

My. At thr pa:iio titto, the oharartorlstic points of the track and 
tUi'ectlu of mot ton of the partlclc'f. viere indicated (in those cases 
where a tenclancy fur ehange in the length of the cones along the track 
made this posr.lble. Then, "eroos linking’' of the tracks was 

carried out, calculated taking into consideration the etched layer of 
the length of the visible part of the track and the run of the particles 
from the face of the block to the stopping point. 

Treatment of the blocks of KNTs detectors irradiated in Berkeley 
was done using a seir.lautomatlc coordinate meter, the Ascorecord. For 
this purpose, bandwidths of 1.5 mm were selected on the detectors 
calculating that in the sequential layers they lay along the direction 
of motion of the particles during irradiation and the coordinates of 
the points of Input or output of all tracks were measured within limits 
of the band selected. Then this information retained on perforated tape 
was fled to a EVM [elekrronnaya vyohlslltel'naya mashlna, electronic 
computer] for joining of the tracks. 


*1.6. Results Obtained 


/M 


Obtaining the threshold of recording and the relationship of the 
maximum etched length of the tracks of particles from their charge 

Z for detectors on the KNTs base was of significant importance for 
interpretation of the results of the flight experiment. In the first 
stage, according to the results of irradiation of alpha-particles and 
ions of boron (E < 9 MeV/nuc) and carbon (E < 8 MeV/nuc) the following 
threshold value was obtained EET^nn “ ^9^ + 7 KeV/Mm nb. These data 

were used for constructing the curve of (Figure 12, curve 1). 


Further, after treatment of the blocks irradiated with ions of argon 
(IE = 199 MeV/nuc) and iron (E = 509 MeV/nuc) calibrated points were 
obtained for the section of the relationship in the region of large 
charges. However, these points correspond to a higher threshold of 
recording of = 250 KeV/nm. 


The relationship calculated for this threshold value is presented 
in Figure 12 (curve 2). 

The valuesof fluence m-easured, obtained using a system of orthogo- 
nal detectors placed on the face of the Joint block G, are presented 
in Table 6. 


In the first column of the Table the detector number is given and 
in the second the number of tracks found for 27 cin^ of detector area, 
in the third column is the fluence of particles. One should note that 
the data are only for particles with a charge of E > 3 whose tracks 
pass through both layers of nitrocellulose detectors, that is, longer 
than l 80 ym. The values of fluence are presented without correction. 
The errors noted are purely statistical. 

Moreover, the planar fluence of particles is measured with LET^qq 
^ 250 KeV/pm using the KNTs detectors placed at different points on the 
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TABLE 6. MEASURED PLANAR PLUBNOE OP HEAVY NUCLEI 


Dotcctor 

number 

Number of 

: tracks 

• 

• Plucnce, CM"*^ 

• 

• 

e 

• 

^ 7 F 

864 

32,0 ± I, I 
* 

8 F 

532 

19,7 ± 0,9 

9 F 

589 

21,8 ± 0,9 

* 

10 F 

338 

12,5 + 0,7 

II F 

464 

17,2 ± 0,8 

12 F 

756 

28,0 + 1,0 


satellite. The results are presented In Table 7. / 39 


TABLE 7. PLANAR PLUENCE OP PARTICLES WITH LET^qqq ^250 KeV/Mm 


Location for installing the 
detector 

; Number of tracks 

• 

9 

! Planar .fluence, 
cm“^ 

• 

• 

Block A, top 
(face A-5) 

788 

7,9 + 0,3 

Block A, bottom 
(face A-6) 

259 

* 

2,60 + 0,15 

Bioblock container 


2,5 - 6,2 

For protection « 2G/cm^ 

o 

o 

l-l ' 

10,0 ± 1,0 

Outer surface of the * 
satellite 

\ 

737 

14,2 ± 0,6 


The data apply to particles with Z > 7 and length of the track more /39 
than “ 200 pm. 
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Statistical ei^ror is always given. 




Figure 13 shows the charge distribution of particles whose tracks 
were measured in the "upper" section (thickness about ^^.3 g/cm^) of the 
^oint block A. 1803 tracks were observed in all; however, the histo- 
gram is presented for only 853 tracks which satislfy the criterion 
of sampling — ^the beginning and end of the track is within limits of 
the layer scanned. Identification was made in accordance with curve 2 
(Figure 12). 


^j.7. Consideration of Results 


One of the most Important results obtained is data on calibration 
of the KNTs detector irradiated in Berkeley with high energy ions of 
argon and iron; it follows from this that the threshold of recording 
with high energy particles is greater by approximately 20J5 than that 
obtained earlier cm beams of ions with low energy. This result can be 
explained by the high transfer of energy from the zone of formation 
of the tracks by 6 -olectrons which is characteristics for ionization * 
of heavy high energy particles. If, in the process of further treat- 
ment of the blocks irradiated in Berkeley this result is confirmed 
with good statistical precision then, obviously, it will be necessary 
to make a new calculation on the relationship of the maximum etched 
length of the track to the charge of the particle based on a model 
of a radial distribution of absorption of energy [13, 1^]. 


Table 6 shows data on the fluences of particles with a change 


Z > 3 and LET 


350 


80 KeV/pm, Incident on different faces of block C. 


A comparison of data between them Indicates significant anisotropy of 
the flux of particles in the area where the detectors are mounted. 

However, quantitative conclusions can be drawn after introducing a 
correction for the critical angles of the tracks of the particles 
with different values of LET^j^g and consideration of distribution of 

mass of the construction materials relative to the point of measure- / 44 
ment. This becomes possible after completion of calculation for the 
LET^gg spectra according to readings of these same detectors. A 

comparison of the values of fluence of particles with LET^ggp >. 250 

KeV/ym (Table 7). One did not detect significant divergencies from 
the results of similar measurements on the Kosmos- 690 , 872 AES [10-12]. 


The charge distribution of particles presented in Figure 13 is 
not conclusive. Treatment of the A block continues. After dis- 
covering the length of all tracks which satisfy the criterion for 
sampling given above, the appropriate charges and energies of particles 
for them at the input of the block and the run of the particles in 
the block will be calculated. Then, the particles will be classified 
according to charge and energy distributions of the particles recorded 
will be construoted'.- These intermediate results will be transformed 
into a family of charge-energy spectra and the ratio of representation 
capability of heavy particles vfithln the satellite (in identical 
energy range) using a method which we developed taking into account 
the effectiveness and recording of a section with different charges 


29 




and energies in a block with the prescribed geometry (A.M. Marermyy, 
S,A. Dashln, unpublished data). 
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ClIAPTEB 2. DOSIMEfRIC INVESflOATIONS WlfH A TELESCOPE OF COUNTERS /47 

AND TLS DOSIMETERS 


V.V. Markelov* Yu. A. Akatjov* S.B, Kozlova, V.N. Brykaln 
(Inatitjute oP Medical and Elologloal Problems nf the Ministry of Pub- 
lic Health USSR, Moscow) 


1. Formulation and Method of the Experiment / ^l8 

One of the sections of the K-POS experiment was conduct of dosi- 
metric studies with a tolescope of counters and TLS dosimeters, 

The purpose of our experiment wass 

1. Measurement of integral doses for flight. 

2. Study of the changes of power of doses according to the turns 
of flight. 

3. Study of the contribution to dose of protons of the Brasilian 
Magnetic anomaly. 

^1, Measurement of particle fluxes. 

5. Study of the LlT-spectra. 

A silicon surface-barrier continuous detector with thickness 500 
pm and area 1 cm^ was used as the telescope of counters for S-1 instru- 
ment. In order to separate the direction of incoming particles close 
to normal incidence it was switched on in agreement with the second 
detector. The amplitude of the signal at the output of the semicon- 
ductor detector was proportional to the value of energy absorbed in 
it in the broad LET range. 

The range of measured values of LET amounts to 2 — 1000 

tissue/cm. V/hen measuring the power of doses, only a continuous 
detector was used whose amplitude of pulses was totalled by the 
electronic system. Information on the density of particle flux was 
also taken from this detector. 

Two L-1 instruments with telescopes of counters were used in the 
experiment j they were mounted inside and outside the satellite in 
combination with the TLS dosimeters. The TLS dosimeters had dimen- 
sions of 1^ X l4 X 4 mm. 


2. Results of Measurement 

The integral dose for flight in the area where the internal S-1 
instrument was set up, according to the readings of the TLS dosimeters, 
amounted to 5H0 mrad. The same dosimeters were mounted on the exterior 
surface of the satellite showed a dose of 20 rads in flight. 


3 ^ 



The curves of change of power of doses and densltjy of fluxes of /jl£ 
particles within and outside the satellite along the turns of the 
flight are presented in Figures l^i and 15. 
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Figure 1^1. Change In flux of charged particles on the surface of 

the satellite for 1 turn, 


In Figure 1^1 one can note three areas — the area close to the equator 
where, due to maximum screening effect of the magnetosphere, the power 
of the dose Is on the order of 0.2 mr/hr; the field of northern and 
southern latitudes where the power of the dose is increased to 1.5 mr/hr 
due to less cutting off of the magnetosphere of Earth by OCR (GKI [ga- 
lalctlcheskoye kosmlcheskoye izlucheniya, galactic cosmic radiation, OCR]) 
particles and the field of the Brasilian magnetic anomaly where power 
can reach a value of 200 mrad/hr. This peak is apparent on the section 
of turns passing through this sone. The average daily dose without 
the contribution of the Brasilian anomaly is 10 rarad/2^ hr with a flux 
of particles of 1 part/cm^ • s. With average daily total dose 25 mrad/ 

24 hr, it follows that the contribution of the dose of protons of the 
Brasilian anomaly is a value on the order of 60^ for a given orbit of 
the satellite. 
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Figure 15 . Change in power of the dose within the satellite for 

1 turn. 


From Figure 15 it is apparent that in the northern and southern / Hg 
latitudes on the exterior surface of the satellite one observes large 
surges of density of particle flux exceeding lO** part/cm^ • s. This can 
be explained by passage of the satellite through a branch of the ex- 
ternal electron band of Earth. 

The large value of the recorded dose of 20 rads also confirms the 
presence of high intensity of radiation on the exJ;erlor surface. The 
absence of rises in power of the dose within the satellite in the 
period of these surges gives evidence of the low penetrating capability 
of this radiation. 

In Figure I 6 there are integral EET-spectra of OCR presented ob- 
tained by telescopes of counters within and outside the satellites. 

Here, for comparison, we present the LET spectra calculated and ob- 
tained by the American scientists on the Kosmos-872 AES. 

The factor of quality calculated from the LET-spectra obtained 
on the Kosmos -936 gives a value of 1.^ inside the satellite and 2.5 
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f’nAPTKH 0AMKA-*Hilt‘KKKrH‘5 MKAiU RK MEOT OF THE COSMOS-936 RIOLOGICAE /il 


SATEI.l.I'rE 


N.N. Repin, V.A. Sakovieh, V.M. Sakharov 
(Imstliute ,or MetUeal and Plologlcal Pj'*obXems of the Ministry of Pub- 
lic Health USSR, Moscow) 


distribution of thiekneso of the material for the dosimeter 
contalnor located in the K-D06 experiment on the Kosmos-936 AES 
war. carried out by a method of gamma-illumination using a special 
unit, bet examination of the thickness is based on a comparison of the 
Intenaity of gamma radiation of the point source of cealum-137 which 
paases through the equipment with intensity and without it. The prin- 
ciple of operation of the assembly involves a precise point within the 
apparatus where the isotropic gamma source is placed and unscattered 
radiation which passes through the equipment is recorded by a col- 
limated scintillating BDEG2-23 detector which moves outside the 
apparatus by a coordinate system along the spherical surface from the 
center to the prescribed point. 

Operation of the assembly Involves period measvireraent of the 
number of pulses recorded by the detector in the photon unit for a 
fixed time At with continuous movement of the detector along the 
asimuthal angle <}i (within the prescribed limits form to i}> 2 ). The 
periodicity of single measurements was prescribed in such a way that 
for the time interval At between measurements, the detector moves at an 
angular dimension of the collimator A^., relative to the numbered axis 
At >> At. Upon achieving or i }>2 with the detector, the measurements 
are continued and the detector is shifted on the numbered angle at 
an angular dimension of the collimator AO, after which the measure- 
ment cycle is repeated. So that the results of the measurements will 
register sections of the surface lying next to each other and hold 
together different solid angles relative to a prescribed point 
Aw Ai{)oAg, where A.jio “ Ai|)/Q “ 90*^, an automatic change in the value 
of A(}i vms made in the assembly according to the principle A<ti « A(|i/Sln0 
w'hich actually is realised in the change of the interval between single 
measurements. 

Distribution of the number of single measurements of the number 
of pulses obtained in the frequency analyser was converted to dis- / 55 
tribution of solid angles for the thickness of the material, on the 
basis of graduations of the detector using standard thickness samples 
made of aluminum. 

Error in measurement of distribution of thickness Involves the 
following factors: statistical error of single measurementsi error 

Involving recording of radiation scattered at small angles of sections 
of surface neighboring the section considered; error in the apan and 
intervals between the sections considered and finally, the error caused 
by nonuniformity of thickness within limits of the section considered. 

Statistical error of a single measurement is defined as activity 
of the source and duration of the measurements. The total duration of 
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is observed, statistical, error of a single measurement for effective 
ihickness I g/cm^ amounts to ■' With an increase in thickness, 
this error increases proportionally to exp(uA^|.p/2) . 


The contribution of radiation scattered by sections neighboring 
that considered, for the selected dimension of the collimator and 
discrimination of pulses from the detector at a minimum to the left 
of the phctounit Cvin reach inii;, For decreasing error Involved with 
thisi effect, the relationship of the frequency of pulses to the 
calibrated staridard for thickness obtained with a scattered layer 
of 5g/Qm*Al is used as the graduation so that with minlnmm thickness 
1 g/cm^ one has an error +0.2S g/cm^ in a range of thicknesses 
1—10 g/cm^, 


Distribution of thickness of the material of the biosatellite 
relative to placement of the dosimetric container was measured 
within a range of solid bodies presented in the Tables, The geo- 
sietry of measurements relative to the container is presented in 
Figure 17. Distribution of solid angles according to thickness in 
g/cm^Al is presented in Tables 8—10. 


The span and intervals between the sections considered amount 
to « 6^ for the unit used; however, in practice this does not cause 
distortion of distribution. 


As a whole, the error in measurement of a single thickness amount 
to +0.3 g/cm^ with a thickness of 1 g/cm^ and +0.5 g/cm^.. with thick- 
ness to 10 g/cm*", 


TABLE 8. DISTRIBUTION OF THICKNESS RELATIVE TO THE FACES OP THE K-206 


t’aco No. : 

0 0 : 

* 

V ° : 

b* g/Ct.T^ 

I 

90 

90 

8,5 

2 

90 

180 

11,0 

3 

90 

270 

22,0 

4 

90 

0 

55,0 

5 

180 

\ 

- \ 

20,0 

D 

0 

\ 

•ml • 

6,0 


Face 1 is perpendicular to the cover of the hatch. 





TABLE 9, DISTKIBUTION OP SOLID ANGLEPi ACCORDING TO THICKNESS FOR THE 

K-POA RELATIVE TO PACE 1 




TABLE 10. DISTRIBUTION OP SOLID ANGLES AOCORDINQ TO THICKNESS IN A /58 

RANGE ““ 


4qO I4Q0 0 < < 360° 


No.* 

• 

• 

• 

AGO sterad 

No. ; 

• • 

• • 

• 

A G) 

I. 

5,0-5, 5 

0,073 

19. 

16,2-17,3 

0,145 

3. 

5, 5-6,0 

0,143 

20. 

17,3-18,3 

, 0.146 

3. 

6, 0-6, 5 

O.IS'? 

21. 

18,3-19,4 

0,158 

•it 

6, 5-7,0 

0,279 

22. 

19,4-20,5 

0,149 

5. 

7, 0-7, 5 

0,387 

23. 

20,5-21,6 

0,156 

6. 

7, 5-8,0 

0,387 

24. 

21,6-22,7 

0,187 

7. 

8, 0-8, 6 

0 , 370 

25. 

22,7-24,3 

0,221 

b. 

8, 6-9, 2 

0,337 

26. 

24,3-25,9 

0,256 

9. 

9, 2-9, 8 . 

' 0,286 

27. 

25,9-27,5 

0,284 

10, 

9,8-10,4 

0,266 

28. 

27,5-29,7 

0,319 

II. 

10,4-11,0 . 

0,253 

\ 29. 

29,7-32,4 

0,377 

12. 

ii,o-n,6 

0,228 

30. 

32,4-35,1 

0,353 

13. 

11,6-12,2 

0,190 

• 31. ' 

35,1-37,8 

0,317 

14. 

12,2-13,0 

0,167 

\32. 

37,8-41,9 

0,323 

15. 

13,0-13,8 

0,157 

33. 

41,9-45,9 

0,360 

16, 

13,8-14,6 

0,168 

34. 

45,9-52,6 

0,330 

17. 

14,6-15,4 

0,169 

35. 

52 , 6-60 , 8 

0,401 

18. 

15,4-16,2 

0,156 

36. 

60 

0,070 


Z =8,710 


II. THE AKERTCAE FART OP THE KOBMOS-206 EXPERIMENT. 
EQETMFTim? STlUiIPS CP SPACE RAPTA*fTnM TP BOARD THE KOSMOS-936 AES 

E.W Benton, R. Koftnu, A. T?r#»nk, R.P. D.D. Peterson 
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The joint Soviet-Amerlcan experiment K-20e on dosimetry of space 
radiation on beard the Kosmos-936 AES was mainly ecaiducied to doter- 
raliu' the idiysical parameters of different components of radiation in 
space. It included a comparison of results obtained by the American 
.and Soviet scientists in or*der to elarlfy the unintelXiEible diver- 
gency of results obtained on the Kosmos-tBS AES on the fluenco of 
heavy charp;ed particles. The oxporimont also included p;round cali- 
brated studies and a measurement of the sensltlvlt'f of different de- 
tectors. These studies were conducted on accelerators at Berkeley and 
Dub na . 


'^Ive F-POb experiment consisted of three separate parts: 05s of 

the volume was occupied by the USA assembly placed at one end of the 
contaliuue, 20S by the .Soviet assembly at the opposite end and 5055 by 
the joint assembly in the middle part of the container. The dectec- 
tors from the joint 50f!- section were divided in equal parts between 
the Soviet and American scientists. The joint 50?i assembly was in- 
tended for determining the fluence of LET spectra and the charged 
spectrum of heavy nuclei. It contained two thick st.acks of plates 
with nuclear emulsions on top and below and Id thin dosimetric packets 
attached in pairs to the six faces of a foam plastic cube at the een- 
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ter p.art of the uof. joint assembly. The 


OR 


Amer 1 c an as s emb ly 


designed foi* determining tlie physical parameters of heavy nuclei, the 
fluence and spectrum of neutrons, the fluence of protons and the total 
dose of radiation. Figure 1 gives a di.agram of the K-fOb experiment. 


In subsequent sections, we will present in detail results ohtaine^d 
usinp; detectors from tbe American side in the joint assembly and 
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Figure 1. Dlagramatic image of the assembly of the 
K~206 experiment. Packing of the dosi- 
metric experiment, showing the 25^ Ameri- 
can section (A) and the joint 50 % section 
of the assembly of thick plates (B) and 
the orthogonal dectors (C). 

in the 23 % American assembly for the K-206 experiment for heavy nu- /6l 
clei of neutrons and protons on board the Kosmos-936 AES and also we 
will present analysis of the data obtained. 

2 . Heavy Nuclei — Pluence, Integral LET Spectrum and Spatial Dis- 
tribution . 

During the last ten years, a research group at the University of San 
Francisco has conducted measurements of heavy nuclei on board space- 
craft. The plastic tracking detectors which were put on board the 
Gemini-IV and VI spacecraft [1] recorded the tracks of densely ionissing 
particles. These measurements showed that the plastic detectors can 
be a simple and effective means for measuring integral fluences of 
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nf terofft't*? ;• ,,f \ho rffrci of heavy nuclei on a cosmonaut 
Idf'iMHi In 'i rrr. r-* 1;. ' l,t !,'at tonal Academy of Sciences of the 
or oelal rocisirmt luiai.lono for continuing and Improving dosimetry 
•yiH' radial, h'li tioinf” plastic detectors. The Interest in the 
f iit'.avy nn *!el iirut Increased sharply since the cosmonauts on 
n*-’ oboorvcHi white flaolies assumed to be caused by heavy nu« 


The radiobiological effects of high energy heavy nuclei have re- 
cently begun to bo studied in laboratories thanks to the possibility 
of irradiating oblects on accelerated heavy ions with high energy, for 
example, on the Bovalak in Berkeley, California. Up until now, a com- 
plete concept has not been obtained of the effect of these particles 
on living organisms j the rooults of measurements of physical parameters 
of heavy nuclei in space will be an Important part of studios in space. 

In the following sections wo will describe in detail our measure- 
ments of the physical parameters of heavy nuclei on board the Kosmos- 
936 ARC. 

2.1, Materials and Methods . 

The flueneo, the integral spectrum of LET and the spatial distri- 
bution of heavy particles wei^e determined by analysis of the results 
of treating plastic tracking detectors placed in the 5QH joint section 
of the K-206 experiment. The detector for heavy nuclei contained thin 
plates of cellulose nltiaate ( Kodak- Pathe, SA 80-15), polycarbonate 
(General Electric, Lexan) and nuclear emulsions. Each typo of plate 
was put together in two films and hermetically sealed [rest of sentence 
missing the original text]. The area of plastic films amounted to /6h 
Jgg X 6 cm^. In all, 18 detectors wore placed inside the K-206 flight 
container. 12 detectors in pairs were attached to each face of a plas- 
tic foam cube (7.7 X 7.7 X 7.7 cm^) located at the center of the joint 
50.1 section of the flight container. Six detectors were attached to 
each surface of the American 251^ section of the container. 

The fligdit plastic detectors were stored at S°C in polyethylene 

bags . 

A standard method was used for displaying the plastic detectors. 
Table 1 lists the etching details: composition of the etching agent, 

temperature anci time for the procedure. In the first column are listed 
the designation of the samples. For example, 1 FB means flight (P), 
sample Mo. 1, layer |B). The four l.ayers of plastic in the detector 
are designated with the letters A, B, C and D. The A and D layers are 
made of polycarbonate and the A layer is adjacent to the nuclear 



PARAMETERa OP PROCKBaiNO fHE AMERICAN PLAOTIC DETECTORS 


fiampl e 

Plan lie 

Etching Agent 

Time 

Vj^, Cnm/hr) 

IP6 - I2P6 


a 

10. 0 

1.07+0.05 

i (TC 

C// 

a 

39.0 

0.92 

3(7C- G PC 

cV 

a 

30.0 

I.0I+0.C2 

2RC, 7FC.-I2PC CV 

a 

29.0 

I.I9 

iPA^vir/^, II lU d 

44.0 

0.I5+0.C2 

IP 4 ^ II n A 

6 

24.0 

0.55+0.01 

9^ 


a) S.5N NaGH, ilO®G, Golution IG mixed. 

b) a.fjN NaOIIi 1 p/x polycarbonate monomer + 0.0‘JS surface active 
substance (Dowfax SAl), solublon is mixed. 

* thlckneoG igOvm, ON film, 
thickness igOyra, Lexan film. 

preliminary (before etchinn) treatment of samples. 


emulsion. The B and C layers are made of cellulose nitrate. Orthog- 
onal samples 1F-US-6I'''~US are in the joint 50/^ section of the flight 
blockj 7P-US-12P-US -- in the American 25^ section. 

Inspection of the tracks of heavy nuclei in the etched plastic 
detectors was made with an optical microscope with a magnification of 
200. The central part of each detector with dimensions 3X3 cm^ was 
scanned. The scanning procedure of a given orthogonal detector con- 
sisted of attaching the 0 layer to the microscope stage and subsequent 
alignment and attachment of the B layer on top of the C layer. The C 
layer was etched until it vrras thinned by approximately 60^ and in it 
many etched apertures penetrated it corresponding to the measured 
double cone or constricted cylinder in the B layer, the first measured 
layer. This method of scanning increases the effectiveness of search 
for small etched tracks which decreases the complexity and duration of 
the scanning procedure. 


In the four plates of each orthogonal detector, before dlsman- /66 
tling, two small adjustable apertures were drilled, the x and y co- 
ordinates of all tracks found during scanning are determined accord- 
ing to the ratio for the pierced aperture by moans of mechanical 
nonius involving the guide screws x and y of the mleroscopo stage. 
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aitmll axlf? of depth of ef.ehlmi of the bracks, and alao the depth and 
width of f.he narrowi'nt part when the track was tn the shape of a con- 
stricted cylinder. The otchlrif, rate for the entire mass of plasfclc 
v?aa detf'emirr'd hy moasurlnf, cdiannes in t.hleknosa of the film. The 
etchinf; rate of Kodak-Paidvo cellulose nitrate depends f.roably on the 
concentration of pxaidueti; of ebchlnf'; in the etching apent, 2,5 N 
at tO°C, Tie* oieWnr, rate of the Pathe ON hardly depends on the 
contration of etching products . 


NaOH 
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The Gtchlnr, rate for the track is calculated aacordlnp; to the 
parameter of the track im^anured uslnp; an analytical expreacion based 
on the reemetry of the tra«;k and assuming that the etohinf, rate of 
the track for the entire length traced is uniform, 


For each type of plastic tracdcing detector there is an intrinsic 
ratio between the rate of etching of the track and the restricted 
losses of energy 12 ’\. This rolutlonohip is the basis for evaluating 
the loos of energy restricted by the rate of etching of the track. 

Figure 2 shows preliminary calibration curves used for analysis of 
data obtained with the Kodak-Pathe plastics of cellulose nitrate and 
the hexan polycai^bonate (with sonoittlsatlon to ultraviolet and with- 
out it), The graph in Figure 2 indicates the dependence ; f the etch- 
ing rate of the track Vt on LET350; the index below indicates that 
when calculating a given value, [rest of sentence missing, in the orig- 
inal text]. The curves in Figure 2 are constructed according to a /§ 
method of least squares on the basis of calibration data obtained from'*”" 
lens of known energy and charged from the accelerator. 

The condition for etching the track of particles is that the 
vertical component of the rate of etching of the track must be greater 
than the rate of etching of the mass of the plastic. From the curves 
in Figure S wo find the minimum value of LET 350 which depends on the 
typo of plastic and on the development or preliminary processing be- 
fore development. One also needs a debei^mination of the critical 
value of tho angle of immersion (measured from the surface of the film) 
for recording particles with a fixed value of LET 3^0 . For obtaining 
an absolute value of the fluence, one uses corrected coefficients 
which depend on the angle of immersion and the value of LliTaso . For 
example, tho Integral spectrum of LEl^so '''’as calculated by adding the 
product of each value of LET 350 (appropriate to a given track) to 
the corrected coefficient for all bracks with a value of LET350 g'^’eaber 
than the given value. The Integral flux of particles for a given value 
of LET3S0 was calculated by dividing the total 217 At, where A and t 
are the area of the sample and the flight time. 


The spatial disbrlbuMon of incident heavy nuclei was determined 
according to the value of fluenees of particles recorded by the six 
detectors attoched to each face of a plastic foam cube in the central 
part of the Joint assembly in the experimental container. This 
mutually perpendicular placement of detectors made It possible to 
determine fluenees in the direction of the three axes, xj's, in space. 
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Figure 2, Calibrated relationships used for detectors 
made of Kodak-Patho cellulose nitrate and 
Loxan polycarbonate. 


2.2. Results /SB 


The fluencos observed and the fluxes of heavy nuclei recorded 
by the eight detectors of the Joint 50^ assembly and the American 
25^ are presented in Table 2. In the first column of this Table 
the detectors and their location are listed and in the second — the 
number of tracks obtained for an area of 9 cm^ of the detector. The /70 
numbers in the second column correspond to the number of heavy par- 
ticles recorded on all four surfaces of two underlying layers of cel- 
lulose nitrate - — B and C. In the third and fourth columns, respec- 
tively, the fluonces and fluxes are presented. The values of the 
fluxes are determined on the basis of duration of the flight of the 
Kosmos-936 ABB — 18.5 days. 
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Inteonal spectra are shown in Figure 2 [sic., 3]- orthogon- /70 

al detector IP-US recorded the maximum fluencos of heavy nuclei in 
six orthogonal detectors located in the liolnt section, 
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Figure 3* Integral spectra of LET for HZE particles 
measured with the plastic detectors dur- 
ing different space flights. 


The average value of flux during flight on the Kosmos-936 AES /70 
was 2 to 3 times smaller than during flight on the Kosmos-7d2 AES. 

The consideration of factors which can affect the flux of heavy 
nuclei, for example, parameters of the orbit, distribution of protec- 
tion of the spacecraft, solar modulations, the types of plastic de- 
tectors, indicates that the most probable causes for differences in 
fluxes during these flights involves differences in protection and 
type of detectors. The results of measurements during flight of the 
Skylab indicate the effects of the protection [^]. The flux of 
heavy nuclei inside the strongly protected storage area for films was 
ten times weaker than the flux recorded for the astronauts. The 
equivalent thicknesses enumerated of spherical protection of the 
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Flux of Particles^ 

Particles 
cnr' days 

Flight, 

Max. 

Mi n . 

Average 

Kosmos-782 

b,i5 

3.28 

4.05’'* 

Kosmos-93Ci 

2.17 

1. 13 


Sky lab 

S.V5 

1.9 

2 


*IIEE pai’l.lclon with X ^ 3 and recorded run > 180 pm, 

+Avorap,e for F1-P12 detectora . 

++Avprap:c for orthof.onal doteatora from IP-US to 6F-US in the 
joint oOf ruH'tion. 

++*f-Avernno fj*om readinp;s of individual dosimeters of the nine 
astronauts durlnr; fllf.htB on the Eh-P, SL-3, and Sh-i| Sky labs. 


aleopinf, modulo for the astronauts and otoraf.e for the film amounted /78 
I'eapeetlvely to approximately 6 f:/Gm2 and approximately 50 g/cm^. 

At the present time, on the accelerator In Berkeley, the effect 
of the typo of detector is being studlod on the effectiveness of re- 
cording particles. The purpose of these studies is to determine the 
effectiveness of different typos of plastioB made of cellulose nitrate 
used in flights of the Kosmos-QSb and Kosmos-782 AES. 

The effect of solar modulation can be expressed as exceeding by 
10/f. intensity of cosmic radiation during flight of the Kosmos-783 AES 
over that during the flight of the Kosmos-93C AES. The intensity of 
cosmic radiation was measured Indirectly by ground neutron monitors 
which recorded continuously the rate of formation of secondary neutrons 
In the atmosphere. The neutron monitor installed at Mount Washington 
recorded only a 1 % smaller rate of count for the Kosmos-936 AES 
(August 3-August 22, 1977) in comparison with the flight of the Kosmos- 
782 AES (November 25-December 15, 1975). 

The parameters of the orbit (that is, the period, inclination, 
perigee and apogee) wore essentially the same for the Kosmos-782 and 
KosraDS“Q38 AES. Therefore, these factors could not be the cause for 
differences In fluxes of particles. Also, the Vostok type satolllto 
was used for each fligiit. 

Integra l spect r um of LET . The integral LET spectrum defined as 
the number of particles from the LET larger than the given is an Im- 
portant dosimt'l.rlc Pvarameter necessary for evaluating the potential 
biological danger for living organisms In space. For example, it is 
possible to use it for calculating the coefficient of the quality of 
radiation, 


51 







I ’ * • gi‘ 

-.j nK'IS 



^ U* ‘ 

A , - ,’,.-*^5 

■' *;■ t 

t*v ni « 

• ■< 1 

in-'d 

‘-ilj " 1 ’ 


‘ t't.n 

»• n•.•a^ 

f.-. 

’ { c 

■ nln<‘r. 

An* 


!■* V = m. 

C-U! 

c, 

I, '!(•• iVHC;., 

mm ' * 

• AES 1 

n:, un 

r:l 


* n> • .'Up In: 

1 1 » 

, i 

ni;*j as 

t a. nani 

i i s 

'X ; •; 

j. 

a ,i 0 

i» sh*n*,' 

s, i,he e 

i ft ’ i*' ' 


‘ '■ npaec' e. 

Htla^ I 

«<n iur 

!nr a s 


Tn 

f 'ntoi’t»';il 

C.l'CCt 

rnr. t)f 

neavy 

-i'.H' 

IpitH ‘. i 

.■■h'irpd.v V, 

Itii nr, 

tnci'u 

a St- in 

In 

pact. 

f i igi d n . 


n A Inmm 

flux 0 

in 


Pi'2 (thai 

!. ft 4 *.Ii 1 

n« r. 1 

Ob KeV/m 


O' 

r fi \f'hi vO 

tho 

ib'SmnS' 

-936 AK, 

on 

the 

Unsi:n>r-VSf 

AES ( 

8.7-10' 

-1 


tr’.urt* 


Tli^' tl'ila wor’o ob- 


In tho film Bborafio 


/n 


doBlraeboi ‘0 on aBtnonauti; In the Skylab (^1 . 5‘10~'’/cm^ •B»st.Gi'’) . 


^nco D1 n trlbnt Ion . 

Tho data obtained fnom six detectors In the .joint SOfl assembly 
indicated that tlio tarp;et found at tho center of the plastic foam 
cube (to which the detectors wore attached) bad to obtain an approxi- 
mately isotropic fluenoe of heavy nuclei. 


The value of the fluonco of heavy nuclei within limits of the 
statistical spread was uniform on top, below and to the sides of the 
plastic foam cube as indicated by the IP-US, 3P-US, 5P-US and 6P-US 
detectors (see Table 2). The fluence in the 5P-US detector was some- 
what lower than that permitted by statistical deviation. Attachment 
of tho detectors to the cube was such that the IP-US and 3P-US detec- 
tors looked from above and from below In relation to the container, 
the 2P-ur. and ^IP-IJS — to the Soviet and American sides, respectively, 
and the 5P-US and cP-lJS — to the lateral walls of the container. 


The 2P-US and ^IP-US detectors turned toward the ends of the con- 
tainer were protected by thick stacks of plates from the 50?^ Joint 
section and also blocks of the 25% assemblies of the K-206 container. 

The equivalent thickness at approximately 22 p;2/cm^ of aluminum pro- 
tected the 2P-US and i|P-HS detectors in the direction perpendicular /75 
to the surface of the detector. As measurement results showed, in 
the film storafic unit on tho Skylab the flux of heavy nuclei 

beyond the protection approximately 20 R/cm^Aa Is decreased by ap- 
proximat.ely two times. 

As a result of the fact that the 2P-US and ^IP~US detectors were 
protected by a thick stv'ick of plates both in the Joint 50jo and in 
the end 25% sections, the fluence recorded in the detectors should 
tie multiplied by vapproximately 2 in order to correct for the read- 
ings of the other four detectors. The "absolute" fluence cf incident 
particles (tiiat la, standardl.ned for a uniform thickness of protec- 
tion) must then be, approximately, uniform for each face of tho cube. 


52 



a*' S* i 


'.'.iV.V 


i l' > 



^ I'.'ul 1 1 ! 

•UKii opMMaeh * 

flrii M.- 

.0 aeko 

o*’ r p,oi 1 r l.rai* 

t 111 ''HI '.C * * ^ 

^ istil i'o 

i at lout' alka 

.-y iiu‘ .( 

't-s'cior 

fc.'Ki it-i' vmrfac 

damagi- r-' 

*ma 1 n 1 nri 

from fuel! doui' 

! n!s IV. 

i rffoet 

vrir ih'4 

final .L I 

:y!lh of 

■1 ciUiU'ai track 

pai'y ic ; » ^ 

war, t.he 

mt'anurtmunP. of 






4' I 


t-lu' lull la I t !j leUnora’. o 


raia l.vi- * i'. rf eharplps of particles Is 
la ; lie! tH’l p^rc ai’o treated by etchinf, 
v;hi.’h Gradually remove the material 
and VToferably affected the trace of 
ly lonirrlnn particle. The rate of 
fin* t he LET particles so that the 
farmed alonp the trajectory of the 
LET. Usually, in the etchinr; process 
f the plastic v/as removed. 


A*. * nspoct I'Ui id’ t he detector and measurement usually was con- 
diu’ted In two ways. 1) One of several layers was examined with fairly 
low maojilflcatioii. Also several possibllltsLeo for scannliif; existed, 
for example, uslnn the passage of sparks or a pair throupili the etched 
pierced aperture which VTOuld determine the position of the tracks, 
f) The tracks found with low magnification wore measured under high 
magnification and traced In layers not subjected to scanning. In the 
measurement procoss, the lengths of the cones were determined from two 
surfaces of the detector. The measuromento made It possible to estab- 
lish the trajectory of the pvartlcles and values of the LE'.T along the /7t> 
trajectory. The procoss of treating the data consisted of two com- 
pletely different phases, in the first phase, the parameters of each 
separate particle were determined on the basis of positions measured, 
the. values of LET and, preferable, the x, y and a coordinates of the 
ends of the tracks which indicate the point at which the particles 
stop. Seven parameters were required in total complexity for doter- 
mlnlng the characteristics of the stopped particles. One set of 
parameters amounted to 3 coordinates of the point the particle stops, 

3 spatial angles of the trajectory of the particle, the atomic number 
Z, the identified type of particle and the mass number A. In practice, 
usually it Is Impossible to fulfill separation of Isotopes and there- 
fore each Z number described the maciS of the Isotope represented in a 
small quantity and only Z of particles or the effective number was 
determined which assumes a continuously variable value and determines 
the varying value of Z and A. Therefore, the number of parameters 
for the particle was decreased to six. 


In the second phase of the analysis of data, a statistical treat- 
ment of results was made. It consisted of studying the distribution 
of particles for one or several variables. Most often this charge 
spectrum shows distribution of the values of Z and one or several other 
parameters used for the eharaotoristlcs of separate particles. The 
logical form in which the statistical results are obtained is the 
number of stopped particles with defined Z per unit of volume (or mass) 

and the solid angle The lntep;ral for the solid angle 


do 




storadians is the density of the ends of the tracks of the SZ charged 
spectrum. This distribution somewhat contradicted the charge-energy 
spectrum obtained usually from detectors which recoi’d high energy 
unstopped particles. The charge spectrum of stopped particles agrees 
with the reactions of plastic tracking detectors Inasmuch as they 
record only particles relatively clu-se to stopping. /77 
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Tiit- traditional nsoUiodn Pa* measurement of charres has been used 
fjHkimip ly in dlfftU't'nt. •niirKtn, A large bibliography can bo found 
In ilk’ ; .ndi by Flohn;bt >' .>i, al . , C?]. Most often the valuer, of 2 are 
found i-;: ueinr the ofi~ea.l,led rel.ationohip L -K. Tn this method, the 
length of the tracks ?neasurod L are applied oti a graph as a function 
of the residual, run of the R particle. The points obtained separately 
for each or all are jointly compared with theoretical curves for dif- 
ferent possible values of Z. The approaches which Henke and Benton 
used (unpublished data) for results obtained on the Apollo- 

1^1 and 17 differ somewhat in that the comparison of measured and 
theoretical points was made by a completely analytical method using 
a method of least squares. With this approach, the measured tracks 
of particles are involved for which no stopping points have been de- 
fined. 

The results presented in this section were obtained by a method 
which differs considerably from the traditional in that the measure- 
ment of the position of tracks and the rate of etching were carried 
out automatically using an analysed image of the 720 Quantimet system. 

The detectors wore etched for removing a largo part of their initial 
thlc-kness . This resulted in the formation of large apertures which 
penetrated through the layer of the plastic. The etching rate of the 
tracks was obtained by measuring the projection of areas of these /78 
apertures. This method was used earlier for measuring the Lexan de- 
tector assemblies located in the joint Apollo-Soyus flight (EPAS) 

[Benton and Henke, nonpubllshed data]. 

3 . 1 . Material and Method . 

The charge spectra presented here were obtained for the joint 
dosimetric assembly (IP-US assembly). The assembly comprised layers 
of cellulose nitrate ON, Kodak-Pathe thickness 97 ym, and layers of 
Lexan-GE polycarbonate with thickness I 88 ym. The sequence of the 
layers was tlie following: 10 ON layers, 200 Lexan layers, 65 ON layers, 

200 Lexan layers and 10 CN layers. All of the layers of cellulose 
nitrate were etched with 2.5 N solution of NaOH at a temperature of 
40°C. This solution was saturated with camphor for improving and 
stabilising its etching capability. Etching for 112 hours decreased 
the thickness to 27 ym, that ;is, to 285 of the initial thickness. 

After removing a large part of the thickness of layers, it was found 
that the majority of the particles recorded retained through holes in 
the layers of plastic. The input and output apertures of nost of them 
reached approximately tOOO ym^ . 
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x'a I v'f'fc. h,* a n nolutlon of NaOH at 

70^0. Tiif' I'.ulutioi. «orji.nInofi Honax r.iu'’faktant and 1 g/i ^1 . ^ 

— loor id Inc dljulu n«i'l fun aiiriUlatln?': the effects of the etching 

ppiiductr of Loxnn 1n liio nolutlon. Etching for il3.67 hr decreased 
t.hc thlckncsG «f tdu; layers to tm, that is, to 20% of the initial 

thlckncr.r, , 


d,?'i cm^ of Mach treated layer of cellulose nitrate was Inspected 
and the r<‘SU'lt’G v;crn t j’oeeanod cemlautomatlcally with the Quantimet 
Imago anaJynoi'. For bach etched hole formed by particles intersecting 
the layer of plastic, the position and area of the aperture was de- 
termined. 


The measured coordinates of the tracks were analyzed using an 
appropriate program on a computer in order to determine the trajec- 
tory of the particles which had three or more measured tracks on the /79 
particle. The trajectories were used to construct linear regressions 
for the X and y coordinates measured as a function of Z. The oarameters 
of the particle trajectories defined from the line of regression are 


hown as points of Intersection of the trajectory v/ith 


Z=o (xq, y^) and angles 
by the equations (1): 


of the azimuthal and immersion 


dX 

cl 




6- Ca 4 




the surface 
a and 6 given 


( 1 ) 


ci 




C'tk 


^ i I'X^ 


The parameters of the program for processing the tracks were selected 
so that they would be representative in it for all tracks from 6>30°. 
The tracks with the smallest angles of Immersion changed position so 
rapidly from layer to layer that including them could result in am- 
biguity of the results in view of the relatively high fluence of the 
tracks equal to 5^ tracks/cm^. 


Then, the particles were identified and their stopping points 
were analyzed on a computer using a second program with c. method of 
least squares. 


Inasmuch as the tracks were measured automatically, the true 
points for stopping for each particle could not be determined. There- 
fore, measured values of the area of the track were used as a function 
of the position along each trajectory and for evaluating the atomic 
number Z of the particle and for determining its stopping place. This 
was done by minimizing the expression 


m ~ 



( 2 ) 


in relation to Z and at>the stopping point of the particle. Here — 
is the value of the area calculated on a base of Z which measures the 
relationship betvjeen rate of etching of the track and LET of the 
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partlclfi, t-ho fcra.1 ocfefnry of the particle found according to the program 
for determining the tracko. A is the "measured" area of the particle 
as was deocrlbod above and the weighted multiplier \ is obtained from 

deviations from the line presented. Inasmuch as one assumes [illegible /o 
in the original text] value, this multiplier can be Introduced as the 
sign totaled in equation (2). In this way, oii is determined by sub- 
stitution of the minimum value m ^ = number of degrees of freedom 

(number of measured tracks/ over particles -2). Inasmuch as A is not 
a linear function of the Z particle and the stopping point in°the equa- 
tion (2), it is converted to a linear function by expansion in the 
Taylor series in corrections for Z and the stopping point. Then the 
solution for the correction to the initial approximation is obtained by 
means of normal linear iosubstitutlon of least squares in two variables. 
The final solution is obtained by repeating the process until obtaining 
exemplary small values of corrections. Using the [word illegible] sys- 
tem one can obtain indeterminacy of Z and the stopping points and also 
corrections for these errors by normal methods of a linear method of 
least squares. During analysis of Z, the relationship to Z and A is 
converted to a relationship only of Z by substituting A in the approxi- 
mate expression for the most widely distributed Isotope, A = 1.776z^'°^^. 


A statistical analysis of the calculated values of Z gives ^ in the approxi- 
AN 

mate expression where AN — is the number of events occurring 


in the intervals AZ, AV and An. The intervals of the solid angles An 
is selected so that the field of solid angles is divided from 6 = 30° 
to 6 = 90° and 6 = -30° to 6 = -90° for four equal parts. Equation (1) 
can satisfy only one positive value of 6, however, negative values 
are used for designating a single direction of motion in the assembly 
(from on top to below) and the positive for designating the opposite 
direction (from below to above). The acting sections which are used for 
processing are 'listed in the section on results. For each segment 
An, the exemplary volume in which the particle can stop, AV (in equiva- 
lents of water Inasmuch as the detector has a larger retarding capability 
than water) is defined using the criteria: 1) effectiveness must be /8l 

about 100/j and 2) the stopping location must be fairly close to the 
segment measured in order to provide an exemplary small value of Z, AZ. 


The values dPZ are obtained by dividing the number of particles which 

adequately w^e^l satisfy the criteria described above into the appro- 
priate values An and AV. The AZ Interval in the spectrum obtained is 
the variable and will be considered in the section on results. 


3.2. Results 

Figure ^ shows all of the measured positions of the tracks on 
85 layers of cellulose nitrate. The points Indicate each of il5.072 
apertures. The area indicated amounts to ^.1^ X 2.35 cm^ . One can 
see many isolated points which form particles with the lower Z which 
were recorded only in a single layer and also many long small chains 
made up of points which form heavier particles recorded in the subse- 
quent layers. Of these measured positions, 1834 particles with four 
or more tracks were obtained using the program for determining the 
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Figure if. The position of all measured tracks in 
the layer of cellulose nitrate from the 
assembly for particles. 




tracks. The criteria for selection in this program excluded most /8l 
particles with S < 30°. The precision of determining the positon 
of the track was evaluated according to the mean square deviation of 
points from the trajectories constructed theoretically. The mean 
value found of this error amounted to 0.0023 cm or 23 ym. Prom errors 
in determining the position, also erz’or was found in measurement of 
the angle of immersion for the trajectory of each particle. It was 
proposed that approximately 505^ of the trajectories were smaller than 
seven segments of tracks per particle and one can consider that the 
trajectory of the particles was defined completely correctly inasmuch 
as the median of = 0.92°. 

The measured charge spectrum is presented in Table if and in Fig- 
ures 5 and 6. In Table 4 the angular dependence of the charge spec- 
trum is given. The particles with all values of Z were combined in 784 

order to obtain adequate statistics for discovering angular distribu- 
tion. Even with division of the solid angles found into ten equal 
segments of 0.2ir steradlan, with adequate statistics, anisotropy of 
the flux of heavy nuclei v/as detected. Prom the initial 1834 particles 
with definite tracks, after selection according to all criteria, 625 
remained in all. 

Figure 5 shows a differential charge spectrum for Z considered 
as continuously variable. In this spectrum, each particle selected 
is presented in accordance with Gaussian distribution around the measured 

1 

value of Z with an area and with standard deviation 0.15 units 

of atomic number. The total of these Gaussian distributions form a 
spectrum. The integral form of the charge spectrum is presented in 
Figure 6. 
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AUi“‘le ■ ■■■ hm:;^’re!iai 

C ' of Pt>f'a>een) 

Anin.ntu.a 4 /Uir’io 
( Xnit r v'f 1 0 f Dogrcoo ) 

Density of Stopped 
Particles (all selected 
particles) Partlcle/cm^ 
ster with Z ^ 7 

-00-^ - 64,16 

0 -.-330 

10.6 ± 1.3 

*— 6^1,16 bO 

0 90 

8.3 


90-i^i60 

3.9 + O.b 


lb0-?*270 

5.9 i i.o 


2?0'’i>S60 

4 * 6 ^ 0 . S 

3 ^ 64,16 

0 90 

14. i + 1.5 


SO -.-180 

9.6 + X.3 

♦ 

X80-.-270 

8.8 + 1.2 


270^360 

n.8 + 1.4 

64,16 90 

0 360 

24.5 + 2.0 


» \ 

\ 


AVERAGE 10,2+0,4 


Although precision of determining certain values of Z Is worse 
than ± 1, an adequate number of particles have Z determined with ade- 
quate precision to permit definite peaks in the charge spectrum. The 
part of the charge spectrum which corresponds to the value Z < 'x- 7 , 
was not subject to determination with 100 ^ effectiveness due to the 
insensitivity of detectors and requirements for tracks traced for 
foxir layers. 

3 . 3 . Discussion 

The automatic method of obtaining points for constructing a 
charge spectrum has large advantages but has certain disadvantages in 
comparison with nonautomated methods of past years. The main advantage 
is the tremendous savings in labor and time and the possibilities of 
obtaining a huge volume of data. This advantage is reflected in the 
large number of particles included in analysis of the charge spectrum. 
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foi'ra, r'iny of thor.o Imf^peelaloar. fan bo ovia’Swme by tinorov3nr, fcho 
abapo of t he* aaooMd loa, moib^Hir. of profoaohn* and moantjoement . Tbo 
main ilmiiatlom* In ’be data obtained in tdila w«:n'k involve the inade- 
qualolv bif-.h ronolatlon of t and the obvioua inoapabtlliy of reaolvir.*’ 
partifloa vrltb % > % I8, Both tboee diaadvantafoa apply to colluloa® 
niteaio and fan bo .avoided by roadlnf the Lexan polyoanbottalse pant 
of tbe aonembly, The limitation in this experiment whieb can be 
avoided In tbe fu‘ une is separation of blfib and low sonBltivi' material 
into two separate seetiens in tbe total assembly of the det^'ctoro. 
Alternaf inf, layers of Lexan and eellulose nitrate ean create a more 
uniform assembly wbicb makes it possible to avoid large runs in traj- 
cctories of partioles which intersent l;be low sensitivity layer with 
low LET. This significantly simpaifies tracing the partlaies and 
causes less ambiguity. 

i| . Neutrons , 


Dinging orbital flight In a spaeocraft there are neufcrono with 
a broad range of energies from thermal to hundreds of MeV. The spi)c- 
trum of neutrons can be divided into three parts; thermal (less than 
0.3 Ev), resonance (0.3 eV < E n, < i Mg?) and high energy X MeV). 
This division invc^lvos reactions which are used for detecting them. 
One must make an assumption concerning the neutron spectra In these 
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of measurement of activity observed can vary significantly depending 
on the mere "rigid" or the "softer" spectra in the incident flux. 
Sensitivity to a shift in the spectrum depends on the value of dif- 
ferent cross nectlena of reaction in the given field of enei^gy, In 
the field of high energies, the measurements are more (;omp.llcated as 
a result of the fact that the nuclei of measured foils used for do- 
toGting neutrons in a reaction of the typo (n, f) have a similar 
value to the cross section for the reaction (p, g). The high fluonces /88 
of protons with larg,e energy which exist In the Earth orbits create 
fairly largo background density of tracks in the mica detectors. 
Nondetermlnancy of proton spectra and fluenees create imprecision 
when calculating from the results of tracks from fragments of divi- 
sion Into protons. The proton spectra were im^nsured in previous 
orbital flights so that there was a good basl:’ for approximablon of the 
shape of the spectra on the Kosmos-936. Less is known of spectra of 
neutrons in space but one can assume that the neutrons are formed as 
a result of a division reaction of nuclei of atoms within the space- 
craft and in the upj-er layers of atmosphere on charged particles with 
high energy, mainly, into protons. This makes it possible to draw 
certain thoughtful ecncluslons as to the shape of the spectra. 

There were several types of detectors in the 25fl American section 
for measurement of fluxes of neutrons within the spacecraft in the 
packing of the detectors. They all v/ere passive integrating systems 
using thermoluminescent (TLD) for etched plastic detectors as the 
sensLtlyp recau’ding means. In the ^'irst case, the reaction 
«LI(n,t)MIe with highly effective cross section in the TLD for LIP. 

In the second case, radiator sheets alternating with cellulose nitrate 
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01' wlt4i wlnn Cmtu''r*.»vit.o) wan ‘un 1 ink'll * of thoao in^pf>rjj5 ihP 
imckn f>r ' Ho parti el or., the oihor bho fraf.Konfca of tilviaion. 


Matr«r lai and "!»*t,hod. 


Parhlolo radiators ware used in the* asroinbl.v of dotoflorr oon» 
olrtlnn -f ^hiF, Ta-l8x, Bl-209, Th-323 and U-238. The first of those 
was uDod with eonulouo nitrate for rocordi np. He-iJ partiolos from 
their roaotion Ll(n,T)'*He. The others were used with mien whleh re- 
aorch: fra^'inento r.f divlsloti ftnanod durinr. the roaetion (n, f ) . The 
other doteebors of this typo wore designed for flSpht hut were^nofc 
obtained in time, Thloknonr of the sheets ®L1P with t.g mft/em* . /H9 

The thleknons of the divided films varied but tdioy all ware thicker 
than the runs of fragments of division formenl. This provided more 
effective di*t:e»*tnru , that is, the neutrons were hardly attomuited 
\ihen passinfi thTouph the sheets. The detectors made of I4P require 
correction for oelfnhsorpiimi. 

The TLD were of the ^IrlF and ^MF typej the dimensions of the 
plates wore O.bB'’) X 0.635 X 0.089 , They consisted of pure pressed 

LiP. Dlserlmination on the basis of hlf,h quality aitornafcinr, cross 
sections of for neutrons was accomplished by measuring; the dlf- 
foronee of the two materials. V/ith this method, one can measure 
neutrons in the presence of relatively large absorbed doses from 
other particles. 

The corresponding cross soot ions in the thermal range of energy 
are presented in Figure 7. V/hen screening with a plate of cadmium 
1 ram thlek, the neutrons with energy less than 0.3 eV are absorbed 
in it, not reaching the detector. Therefore, if one uses pairs of 
detectors one of which is screened with cadmium and the other not, 
one can separate the readings measured into two ft\actlons: those 

caused by neutrons of thermal energies and those higher than thermal. 

This method was used for measuring, the contribution of thermal neu- 
trons In the density of tracks measured by a combination of ®LiP de- 
tectors of cellulose nitrate. Half of these detectors were screened 
with cadmium during flight , 


The tiamma rays from the reaction Cd(nT)C!d separate this material 
as unsuitable for TLD screening from^ thermal neutrons. Besides this, 
protection was used made of 0.3 g/cm^ ®LiF. This construction did 
not provide cutting off energy of the above listed detectors but 
effective cutting at approximately l.S oV was then achieved. On this 
basis, reactions were divided into neutrons with thermal and super- 
thermal energies. Half of each type of TLD found in flight was 
screened in this way. 


The neutron detectors were set up in packets for flight. The /91 
packets had a thickness of 0.9 cm and consisted of two Lucito plates. 

A hole was cut in the thicker (0.6 cm) plate for placing the detec- 
tors. The IISF assembly on the Kosmos-b36 on tv;o sides, from un top 
and below was bounded by packets of neutron detectors #1 and //2. 
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Packet §1 v/aa turned toward the outside and had a thinner protective /91 
covering for cosmic radiation than did packet #2, In packet HI there 
where 3 Bi-209 and ^LiP radiators and also 9 TLD. Also back- 

oround samples of mica and the plate of cellulose nit. d;e were used. 

In packet #2 there were 2 Bi-209, 2 Ta-l82, 3 Th-232 and 3 U-238 
radiator dotoctors and 12 TLD ®LiP and ‘^LiP. The Bl-209 radiators 
had dimensions 1.27 X 1.27 . The Ta~l8l and ®L1P radiators had 

dimensions of 1,8 cm in the diameter and the Th-232 and U-238 — 1.27 
cm In the diameter. The ^LiP material was placed on a sublayer and 
therefore only one cellulose nitrate detector v;as used for the active 
side of the sheet. The other shf'ets were not reouired in the sublayer 
and the mica detectors were placed on both sides. 

Before assembly j the small scales were cleaned off the mica disk? 

In order to et'oat e an undamaged ourfaue and then they wore c'tehed for 
l6 hours in a bof solution of hydrofluoric acid at room temperature. 

With such pi\tcosslnf3i the relict tracks of frap:ments of division on 
the surface of the mica wore etched to significant dimensitnis. After 
processinf: the disks again they were etched for BO minutes under the 
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0amo c,ond3 tlons . Thf> trackn recorded during fllptht of tho Kosmos-936 
were etched to nuch a dlmenBlon that vjlth n macnificatloii of 350 times 
they could be diBtinr.ulshed from relicts by their much smaller dimen- 
sions. The exposed surfaces of the mica disks wore examined as a 
whole to detect flight tracks. For each detector, the density of 
bracks v/as calculated and for the set of measurements of each type of 
detector the standard deviation was found. In certain measurements /92 
a correction was introduced for background tracks not caused by fresh 
products of division, by calculating the tracks on the surface of the 
mica v/hieh was not In contact with the fissioned foils during flight. 
Moreover, it was necessary to take into account the background from 
the U- 238 /mlca detectors caused by spontaneous division of the U-238 
nuclei. After dismantling the packet No. 2 it was again assembled 
with fresh sheets of mica. After 92 and 78 days the detectors were re- 
moved and etched for determining the contribution of spontaneous 
divisions in the entire density of the tracks. The rate of accumu- 
lation of tracks found amounted to 1.710 ± O .85 tracks/cm^ ‘days , Cel- 
lulose nitrate used for the detectors was Kodak-Pathe Ca-80-15. During 
preparation for calculation the samples were cleaned with water at room 
temperature and then etched for 1 hr ^0 min in a 6.25 N solution of 
NaOH at ^jO°C. The tracks of He-4 particles with low energy (5 2.05 
MeV) were viewed with a magnification of 430 times as short cylinders. 

For determining density of tracks, the detectors and flight control 
were checked. The TLD plates before measurement were washed with 
ethyl alcohol. After this, readings were taken on the standard Instru- 
ment for TLD. In this Instrument, the plates at a given rate were 
heated to a maximum temperature of 240°C. This caused a flare of 
light due to scintillation from radiation by the dosimetric plates. 

The quantity of light emitted is proportional to the absorbed dose 
of radiation obtained by the dosimetric plates. Emission of light 
is recorded by means of a photomultiplier and an integrating pico- 
ammeter. The dosimetric plates were each calibrated with gamma radia- 
tion of CS-I 87 from a source with known intensity. The integral out- 
put of current from the instrument was converted in this way to the 
equivalent of gamma Irradiation. 

A correction was also Introduced into the TLD readings from the 
#2 packet for false background during postflight assembly again. The 
U -238 and Th -232 foils were radiated with gamma rays which make a /93 
small contribution to the power of the dose, the measured TLD in the 
period of assembling the packet. After taking the readings upon com- 
pletion of flight, the foils were punctured and again assembled in a 
packet for measurement of this background. In the poorest case, the 
contribution of this background was smaller than 8 % of the total mea- 
sured absorbed dose. For most of the TLD it was smaller than 3?». 

Between the two packets with TLD, was the assembly with plastic detec- 
tors for HZE particles and 0.32 cm of brass so that the background dose 
in packet #1 was negligibly small. 

4.2. Results . 


The results of counting the tracks and measurements with TLD are 
presented in Tables 5, 6 and 7- Measurements are presented in Table 5 
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TABLE L 

DE’iriTV UE THABKB IB I'LAE-TIC LiF/aE!,L!iLt>r.F. NITRATE 

Bm’Er.Ttmr. prof di;tec’tor packet h \ 


/Q^l 


J)r>1 t i if* P 

I 

9. 


s 


4 

BaokFrounvl 

IT), < 0,3 i!V 
0,3 fV 


Traesk/om^ 

ZV/2 ± 66 

2 Zm ± 6 B 
444 ±22 
43X ± 22 
167 I* XG 


X76S .!• G2 


271 + 31 


Prot^oGt.lon 
Absent 


1 kuM Cel 


Absent 


II 

II 


Paoket; of 
OetoofcorB 


IiE 6 
TLD READINGS 


Type of Detectors 


Equ'i valent Gamma- 
Irradiation (mR) 



LiV —■ 

Nnnscreened 

623 

± 

3 





- 




Screened, 

069 

i 

12 

Pt 2 

% 1 p - 

Nonscreened 

4G5 

± 

7 


'■’Z i. FT - 

Screened 

482 

± 

G 


^z,u- _ 

Nonscj'eened 

439 

± 

10 


'^LiP- 

Screened 

418 

I* 

4 
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RK:’-’: ■ .■ Oi'llinTin'J 


irrKnTHEn with fissionabbe/poil mica 

Ivtnk';'. "if : 

.'. pn 

E'ldiainr 

: Recording of 

: Track" 

; Tracks 

: cm^ 

.*.< ♦ 


3 

: 

j Bi- 

209 

Top 

5.3 i 2.3 

• 


Bottom 


M- 

209- 

Top 

7.2 i 2.6 



Bottom 

9.5 ; 2.0 

Bl- 

209 

Top 

5.9 i 2.4 



Bottom 

II.7‘± 3.1 


2 

Backgro-md 
■ 'Bi -209 

\ 

Top . 


-209 

Bottom 

t 

' m 


‘To- -181 
-181 

\ Top 
\ 

Bottom 

Top 

Bpttom 

Top 

origin 
Of BOOK 

)T/,-232 

Bottom 

Top 


Bottom 

Top 


-232 

Bottom 

Top 


"' 6 / 

Bottom 

Top 

f 

2^-238 

Bottom 

Top 


0,8 (^tracks) 
» 

IX. 3 ± S.O 
6.0 + 2.4 


10.6 


/\ 

12.2 

+ 

n fj 

0,4 

(iTrack! ) 

0,4 

(iTracka ) 

0,8 

(2Trackfc 

0,4 

1 

[""Track 

62.9 

+ 

Q.l 

60.2 

± 

7.6 

55*4 

± 

7.4 

79.7 

± 

8.9 

56.7 

i 

7.4 

71.6 

± 

0.3 

221 

•f”* 

l‘-c 

251 

± 

15 

271 

± 

16 

243 


15 
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Bob tom 


it 


/97 


Roaasemb ly 




U 


Toi' 

Bol.ioin 




BackBi’ound of 


Z// - 23 B K‘ Bpontanoous 


Division 


25S ± 10 
;^38 i 15 

6 

176 + 12 
165 + 12 


All 

B i -209 

0,9 i 3,6 

All' 


C>on\ 

All 

T/i -232 

64,4 + 8, 

All 

‘6/ -*238 

77 i 24 


from plasllc detcotors made of cellulose nitivite for tracks per cm^. /93 
The errors Involved in thorn are standard deviations calculated on the 
basis of statistical counts. The TLD readlnj^a aro shown in Table 6. 

All of the oiTors are calculated on the basis of the spread of road- 
ings for certain plates. Table 7 shows the results of measurements 
from detectors on a base of fissionable foil. Hero, also standard 
deviations are p’iven on the basis of a statistical computation. The 
computation of errors for the U-238 measurement was many times higher 
due to the high background of spontaneous division. Duo to the re- 
quirements of [Illegible] it was necessary that the detector packets 
should be assoml' led for 87 days so that the tracks caused by spontan- 
eous division ace.umulated in a significant quantity. The fluenees 
of neutrons were calculated on the basis of n.oasuremenls described and 
the appropriate reactions of the detectors. 

Thermal Neutrons 

According to the density of tracks measured with the ^LlP/cellulose 
nitrate detectors which are shown in Table 5, one can see that the com- 
ponent of thermal neutrons was 1783 ± 62 tracks/em^* which equals 80 /^ 
of the total density of the tracks. Inasmuch as the thickness of the 
films of ^LIP was ^1 . 5 mg/cm^, which is more than three times greater 
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’ ric'l dtar. fram Mio npi »3s 1 1 e t; * iJo ; 


la 


a result of selfscreenlnc 


j a. 

nt' saus’. t lvl' :; vain ain'r-.'as.Hi . i’alnuiation of selfsereonlnf, 
i'o-d'f : f ’.t'rJ I'f af-ereatu' at' d«au'ity of thermal neutrons equal 
Mtr oa ieulaM ii;‘ the full fluonoe of neutrons for flight, it 
”* 1-e assu!*h‘ that, their Ineldenoe is Isotropic. A fully oor- 

.if .e 1 fr.ereenlnr: which is necessary was there 
deiuvlt.y of tracks and vumounted to 1.^13. The 


ear: 

] 0 1 mii- fcu» ' 

■1 tfa* evaluatln, . ... 

(if a slnUnr .i‘diH'.tor with a thick layer of ^’hlF for a solid 
arcurdls.r: t(' mi 'asuroment equals 5.6 X 10-3 tracks/thermal neu- 
1. On tilt' basis of these coefficients, the calculated flucnco 
•ii'i'mal nt'ut.rons amounts to 3 *6^ *10 3 thermal neutrons/orn^- , 


The fluenct* of thermal neutrons can he found acoordlnB to measure- 
ments from TLD, In Table 6 the equivalent dose caused by neutrons 
with energy 1.5V showed the difference between readings of screened 
and nonscreened ThD is apparent that they are equal, respec- 

tively, to 59 ± SO and 23 ± 13 of equallvents per packets //I and //2. 

Large errors are due to calculation of large numbers. In measurements 
with TLD, absorbed doses from charged particles are dominant. It is 
impossible to consider that these two figures differed widely and 
therefore an averaged value was used of ill MR equivalent. The coef- 
ficient of transition from the fluence of thermal neutrons to gamma 
Irradiation was reported earlier for the ^Lip plates Cl?]. It was 
found that lO^^/om?. thermal neutrons give a thermoluminescent output 
equivalent to 900 ± R of gamma radiation of Gs-137. The fluences of 
thermal neutrons were calculated using this coefficient. A value of 
i| . 56* lO^/cm^ of thermal neutrons was found. This was 25X5 higher than 
the value found from ^Lip/cellulose nlti-’ates by the plastic detectors. 
Probably the reason is covered in measurement error of this component /99 
with the TLD. The value and higher cutoff of energy from 1.5 eV to 
0.3 eV can occur. 


Errors involving those two methods are due to the statistical 
spread of readings from the TLD instrument, absolute calibration, the 
transition coefficients for neutrons, unknown shape of the spectrum 
and the degree of isotropiclty of the neutrons. It is doubtful that 
the low energy neutrons are well thermolysed. During rugp^edisatlon 
of the spectrum, the fluences of thermal neutrons increase. If the 
neutrons are not isotropic, effectiveness can be significantly varied. 
It is difficult to evaluate subsequent nondeterralnancy but the method 
of obtaining the neutrons, reactions of division in the spacecraft 
and in Earth's atmosphere must not relate to sharp deviations from 
ijir to 2t in geometry. Skillful evaluation of error gives ± 20% for 
plastic ^LlF/cellulose nitrate detectors and -50 to +1005 for TLD. 

Resonance neutrons . Resonance neutrons (0.3 eV-1 MeV) were mea- 
sured by these detectors as were the thermal. The section of reaction 
3Ll(nT)He-t [?] Is decreased with an Increase in energy and therefore 
the contribution of neutrons with energies greater than 1 MeV is small. 
That is, measurements from detectors screened from thermal neutrons 
are caused mainly be resonance neutrons. The reactions of detectors 
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spectrum proportional to 1/En can give a thoughtful estimate in this /1 00 
field inasmuch as this approximately corresponds to the shape of the 
proposed spectrum for neutrons with average energies, One should take 
into account also an increase in energy in runs of particles of He-il 
which forms during reaction of SLi(n,T)Ke-il in this range of its energy. 
This results in an increase in effectiveness of the detector in cal- 
culating the reaction. In the case of thermal neutrons , the He-^l 
particles carry 2.05 MeV. With energy of the neutrons 1 MeV they 
carry 2.48 MeV, This approximately amounts to an increase in the run 

in the LiF radiator and an increase in effoctive- 


of particles by 225a 


ne 


of 


the count of tracks by approximately 305 ^j. A corrected coef- 
ficient (1 X 0.3 X 10-^ER)-i was used for the effectiveness of plas- 
tic ^LiF/cellulose nitrate detectors and (1 + 0.21 X E-°)~^ for cal- 
culation of effectiveness of TLD. 

For the ®LiF/cellulose nitrate detectors, the reaction in the 
function from energy of neutrons has the form:_ 

^ ! /o J 


where 


Rrph — is the reaction of thermoneutrons and ogn and ag>h — the sec- 
tions of Interaction of neutrons with ^Ll. For simplification of 
calculations, the section of reaction 6Li(n5")Iie-4 was approximated 
by the expression 
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the reaction of the detectors to resonance neutrons becomes 
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;u‘ut ran;'- on a basis of measurements with 
r. Inrr'-'r frrsirs than in the procoding case. One should use 
nc('_of t wo i.’a*;"o numl-ors as when calculating for thermal 
Ht'sidos. , t.hi' -uinr.'iei,(.rioties of cutoff of energy of neutrons 
screen v/itlj thlcknons 0.3 g/cm^ results in large error in 
III', ilu' reaction. For flndinr. reactions of detectors in the 
1/K srectrum of resonnnoo neutrons, a numerical integration was made 
similar t..« that described above. For neutrons with energies between 
1.5 Ev and iMeV, a calibration coefficient was found equal to 5.8*10® 


neutrons/cm*- — the R equivalent. In Table 6, the difference between 
the screened TLD "^LIE and the screened TLD ®LiP is the equivalent of 
a dose caused by these neutrons. In packet //2 this equals + 10 mR 
equivalents. This gives a fluence of 2.5*10^ neutron/layer. This 
value exceeds that measured by the plastic detectors made of cellulose 
nitrate by 26 times. Measurements with the TLD must be considered 
the main source of error in spite of the better agreement of measure- 
ments of the separate plates as is apparent from the low statistical 
fluctuations. When comparing measurements from the TLD it is appar- 
ent that the difference between the nonscreened ®LiP and ^LIP detec- 
tors is ^17 ± 17 mR equivalents. This must be the measurement of full 
fluence of neutrons according to the ®Li(n,T)He-ij reaction, however, 
it is almost the same as the measurement for the resonance neutrons. 

One can suspect that here there is a system error. Different types 
of TLD plates were placed in a not precisely uniform geometry in re- 
lation to the total dosimetric assembly. The differences between mea- 
surements in packets //l and //2, and also a certain Increase in the /102 
TLD readings in the front section of packet 112 indicate that consider- ■ 
able attenuation of fluences of incident charged particles occurs in the 
dosimetric assembly itself. One can assume that var’ying attenuation 
tested by different types of TLD creates a fluctuation which is al- 
most the same slse as the small difference corresponding to interaction 
of resonance neutrons. 


Errors in measurement with the plastic ®LiP/cellulose nitrate 
dosimeters ar^ considerably smaller. Most of the error is due to as- 
sumptions as to the shape of the spectrum of neutrons and the statis- 
tical spread in the counts of the tracks. The error limits in these 
measurements are estimated from -305 to +505. 

High energy neutrons . The fluences of high energy neutrons were 
determined by measurements with detectors from fissionable foils in 
combination with mica. The appropriate cross sections for Ta-l8l, 
Bi-209, Th -232 and TI -238 are presented in drawings 8 and 9 . In the 
foi’mer, the cross sections are given for reactions of the neutrons 
and protons with Th-232 and U -238 with energies less than il0 MeV. For 
Th- 232 , the section of reaction with both types of particles was com- 
pared with energies higher than 32 MeV but for U- 238 , the section of 


70 




Energy of neutrons (MeV) 

Figure 8, Cross section of the reactions (n,f) 
and (pj f) for Th-232 and U -238 in a 
field of energy of neutrons less than 
itO MeV. 


neutrons is considerably higher. The cross section for protons with /102 
energies between 10 and 10^* MeV is presented in Table 9 for four ra- 
diator isotopes. On both drawings, the cross sections are taken 
from published data Cll, 12, 20, 21, 22]. Certain gaps in the data 
are filled by interpolation. Cross sections for protons and neutrons 
are similar with an increase in energy of nucleons at least in that 
the effective charge of the proton becomes relatively less significant. 
Somewhere higher than 100 MeV, the curves of the cross sections become 
approximately uniform. For Bi-209 and Ta-l8l, the cross sections of 
reaction (n, f) and (p, f) are assumed to be identical. 

The sensitivity of thick fissionable foils in measurement is /105 
equal to 1.16-10-® tracks/neutron-barn [1^3. Therefore, sensitivity 
to the spectrum of nucleons depends on the effective cross section of the 
detector for the spectrum which is given by the expression. 



o(E) — the spectrum dependent on the energy of the section N(E) — 
is the normalised spectrum of nucleons. The precise shape of the 
spectra of protons and neutrons on the Kosmos-938 is unknown. However, 
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PlgurG 9. Cross section of reactions (p, f) for 
Ta-l8l, Bi-209, Th-232 and U-238 In 
the field of energy from 10 to 10^* MeV. 


the proton spectra were measured in another orbital flight using nu- ^05 
clear emulsions. A typical example can be measurements on the Bio- 
satellite Illdescrlbed in the references [8]. A numerical differen- 
tial spectrum of neutrons was used as the representative spectrum of 
neutrons; it was created in an atmosphere of cosmic radiation [13]. 

The spectra for a number of atmospheric pressures were calculated 
at an altitude from 0 to 700 g/cm^ , A case of 0 g/cm^ which gives the 
most rigid spectrum was used. This calculation must give the best ap- 
proximation for conditions on board the spacecraft. The methods of 
forming the neutrons are the same in both cases. The relative spectra 
of protons and neutrons are constructed in Figure 10. 

For determininf” the effectiveness of detectors with Bi-209, Th-232, 
U-238, for the spectra of neutrons presented above with energies greater 
than 1 Mc‘V, a numerical integration was made. For the detectors with 
Ta-l8l this was not done. The density of tracks on these detectors 
was at a background level or about 0.5 tracks/cm^. The cross section 
of Ta-l8l can bo represented as being approximately constant equal to 
30 mb with energies exceeding tho threshold of activation of the 
nucleon 1 1000 MeV. Therefore, the sensitivity of the detector equals 
3.5’10~'^ traeks/nucleon. The background was equivalent to 1.5*10® 
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Enorr,y of nucloons (MoV) 

FlRiun^ 10. RopreDontativo relative spectra of 
neutrons and protons for satellites 
in near-Earth orbit. 


with enerpy pre.-^tet^ than 1 GeV. On the Kosmos-93Sj the flu- /1 07 
ences in this enerpy field were considerably lower. 

Galeulation of the effectiveness for the proton spectrum was also 
made for the three most sensitive detectors. The effective threshold 
was placed at 17 MeV for detectors with Th-232 and U-038 j and the spec- 
trum of protons below this enerpy was cut off. The results of calcula- 
tions are presented in Table 8. An attempt was made to determine the 
fluences of px’otons and neuti’ons primarily by caleulatinp density of 
tracks expect «ni w.ltli different percentages of their total number ex- 
plained by neutrons and then by comparinp the numerical values with 
the experimental dons Hies of the tracks for obtainlm^. the "best" ap- 
proximation. The results are oresented in Table 9. The number of 
detectors was much smaller and the error much larger so that this ap- 
proach was useful. The errors corresponding to the experimental values 
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TABLE 9 / 109 

CALCULATION OP DENSITIES OP TRACKS IN FISSIONABLE FOILS FOR DIFFERENT 
CONTRIBUTIONS (f.) TRACKS CAUSED BY NEUTRONS 


Detector 

' 0$ 

' 10$ 

' 20$ 

• 30 $ 

' 40$ 

■ 50 % • 

0 

0 

. Experl- 
’ mental 
Results 

Bi -209 

b.y 

8.D 

0.8 

6.0 

7.7 

7.D 

6.2 

' . t g * /* 

0 t v/ ^ A# • 

Th -232 

5?. 9 

58.6 

89.3 

5979 

60.5 

81.2 
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u4 . *,t u , 1/ 

U-238 

87.4 

92.0 

96.7 

ICI. 

8 105.6 

no. 5 

133.7 
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involved statistical computation. Also lax’ge errors exist caused 7107 
by assumptions made for oalculatlnc effectiveness. The best approxi- 
mation is obtained in a case where the composition of nucleons is close 
to 100 $ of the protons but this is only an idea. 

For clever calculation of the fluence of neutrons it was necessary 
to determine the relative content of protons and neutrons in them by 
some different method, There are reports [ 6 ] on certain measurements 
of fluence of protons and neutrons on the Skylab. These measurements 
were made simultaneously by an activation method during orbital flight 
in conditions similar to that on Kosmos- 936 , Flows wei’o measured with 
two and three protons/cm^s with energy 30-100 MeV and O. 9 G protons/cm^-s 
with energy 3-15 MeV. With the shape of the spectra assumed for nu- 
cleons In this calculation, these values are converted in the flux to 
7 . 8 b profcona/cm^p with energy greater than 17 MeV and 3*9^ neutrons/ 
cm^s with energies greater than 1 MeV. Starting from this relation- 
ship of nucleons, it was found that a 2^% weighed density of tracks 
vms due to neutrons . This gives us a fluence of neutrons with energy 
greater than 1 MeV on Kosmos -936 equal to 2.1*10® neutrons/cm^ . The 7110 
correspondlng^fluence of gi’otons with energy greater than 17 MeV 
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The larce part of the dose during orbital near-Earth flight Is due to 
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hET^(KeV/pm) 

Pigure 11. Thermoluminescent reaction as a function 
of the average retardant capability (LET) 

for IjIP — theoretical with one type 

of capture, theoretical with two 

typos of capture, o - a-rays Po-210, • — 
protons, Q - X-rays of Co-60, || - electrons 
C 9 3 • 

/*] 

in the form of a function of LET^ of protons, can be compai’od with ~ 
representatives of the spectrum of protons during orbital flight or 
an evaluation of the total thormoluminoscont effectiveness. The 
cuiwes of dose and flux obtained by Shaefer and Sullivan [18] and 
represented in Figure 12 can be used for this purpose. One can see 
that about of the total dose from this spectrum is due to protons 
with LET > 10 keV/m when a noticeable loss In sensitivity occurs. 

V/ith maximum LET for protons, 85 keV/ra, the sensitivity drops to almost 
0.5. The full close for tills spectrum must be increased by approximately 
7f5, Assuming that 9n5 of the dose measured by 700 TLD plates is due 
to protons, the correction is 65. The errors in merisuremont in ab- 
sorbed dose is due to statistical computation shown in Table 5, the 
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Figure 12. 


Flux of protons 
jnoaDured durinn 
7 Cl8]. 


and Gumulatlve doses 
flight of the Gemini- 


absolute calibrated plate is about 5 /j and error in determining effec- /IIP 
tlveness of moasurement in particles of an unknown spectrum is less 
than 3«. The values of the equivalent Irradiation were converted to 
a tissue dose by multiplying by the coefficient 0,957. In packet #2, 
the absorbed dose amounted to 42^f mrad ± 9%. Although in packet #1 
there was no TLD with ^LiP, one can select a number by interpolation 
among the screened ®L1P detectors. The absorbed dose in packet ifl, /113 
in this way, amounted to 523 mrad + 11%, The increase in absorbed 
dose by 19^ in comparison with packet 112 illustrates the effective- 
ness of screening of the American dosimetric assembly. 

Discussion 


The flLienee of neutrons in the field of thermal energies was 
equal tc< 3»f'4*ip5 nout.rons/cm^ (0.228 neutrons/cm^s ) for 18.5 days 
of flight of the Ko3mos-936. The error of this value is estimated 
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MorUtorinR of the proton eomponont on the Koomos*-53fi was done 
uoinc nuolear enmloiono of the Ilford fi. 5 and K.2 types. At first 
it was intended to measure the LET spectrum of protons in an onorgy 
ranpe frpm 0 to approximately 100 MeV , The method used as was pointed 
out by Schaefer and Sullivan [193 required usiiif:^ omulsions with varyino 
Genoltivlty , For this purpose, the above liotod types of emulsions 
wore Golleated in a paekot (dimensions of the emulsion 3*^ X 5.1 em) 
and nlacGd on all surf aces of the Amorioan 2% saction and the joint /ll^l 
500 plastic foam cube, The omulsions In plastics are a necessary 
component In a passivo monltorinp cisGembly. At the same time as pro- 
tons with normal conditions, the etching of the existing; plastic de- 
teetoro are not recorded by them the nuclear omulsions are a well 
recommended method with hlnh sensitivity and resolution capability 
for work with sinfilo-oharf,e particles. 

6.1. Material and Method . 

For rcoordlnF. protons, the G.5 emulsion v/as selected 25 tm and 
50 am thick and the K.a emulsion 100 am thick, The latter are sensi- 
tive to protons with an energy of approximately BO MeV and the former 
record all charged particles with any energy. Each emulsion is in- 
stalled on a sublayer made of Melinax with a thickness of 178 am, 

Usually, before assembly of the emulsions, they are stored in a re- 
frigorator. At the time of assembly they are placed according to 
type in thickness and are sealed with hot welding In an opaque black 
polyethylene packet 0,015 cm thick, all this work is done in a dark- 
room. Each such small packet besides several sheets of plastic is 
also sealed in a single black bag and placed together comprise a 
single "orthogonal" detector. The IS American orthogonal detectors 
and * e 6 Boviet wer'-:* collected together using Clllcgible] telephone 
tape attached to the Joint cube and to the 250 American section. 

After obtaining the exposed material, tiie orthogonal detectors 
v/ere separated from the surface of the cube. They were tested on the 
appropriate assemblies required after vdiich the small packets with 
tho emulsions were removed and placed again in the refrigerator. In 
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a dark room, t-ho emulsions were removed and the packets were placed 
acoordinc': to nurnlra* on the orthogonal detector (from IP-US to 12P-TJS 
and from 7P-S to lfP~5); on each emulsion, a disk 3-^ mm in diameter /II 5 
was scratched and in Srach disk the thickness of each emulsion was 
measurod. Then, each emulsion was separately mounted on a Luclte 
plate with dimensions ^\.5 X 7.6 cm^ using acral-l -2 dichloroothane 
glue (this wan done for convenience in rotating the emulsion during 
processing). Along with the flight emulsions, two reserve packets 
were also prepared by the same method (IB-US and 2 B-US) for proces- 
sing. 


All of the emulsions of the G,5 type with thickness 25 and 50 ym 
were processed in a D-19 developer without preliminary wetting (they 
were immediately transferred to the heat stage) and the K.2 type 
emulsion with thickness 100 ym were developed in amidol with prelim- 
inary wetting in the heating stage. After processing, the emulsions 
were carefully removed from the Luclte plates and the melinex sub- 
layer was washed. Then the thickness of each emulsion was measured 
and two regulation apertures were drilled in each emulsion; then they 
were packed in light-proof boxes. Then inspection was begun of 
samples of the K,2 emulsion from the 7 P*-US and 11 P-US assemblies 
in the presence of the ends of the proton tracks. Inasmuch as the 
K.2 emulsion was less sensitive than the G.5, with the same exposure 
on them there was considerably lower density of grain apparent and 
therefore the ends of the proton tracks could easily be detected. 

However, in view of the long duration of exposure (18.5 days) a very 
serious problem was the excessive density of tracks so that one had 
to use an immersion lens with a 100-fold magnification and a 10-fold 
magnification eyepiece just to scan the ends of the proton tracks. 

The criteria for selecting the ends of the tracks were the following: 
the track must intersect one of the surfaces of the emulsion (that is, 
it must as a whole be within the volume of the emulsion as can occur 
in a case of protons of emission formed); the track cannot be taken at 
the beginning of a star (which would exclude these two possibilities 
that each end of the track is noted on the opposite side in order to 
be sure that it intersects the surface and does not pass through from /Il6 
a star); in the consideration one must include tracks of all immersion 
angles . 

As was pointed out above, the extreme density of tracks requlren 
recording with high magnification and moreover, only 25^ of the f iel * 
of vision could be scanned at one time so that one did not lose the 
ends of the proton tracks. One hardly need say that in the most sei. 
tlve G.5 emulsion it was practically impossible to count the grains 
the tracks even with 1000-fold magnification. This prevented evalua' • 
ing the LET spectrum of protons with energies higher than approxlmati,, 

10 MeV (10 MeV approximately corresponds to a value of the LET at whi c’r 
in the G.5 emulsi':)ns it is impossible to count the number of grains in 
a track, that is, the density of grains is so high that the tracks ap- 
pear to be continuous).. 

6.2, Results . 

A count of the ends of the tracks from the K.2 emulsions was done 
in 7P-HS and IIP-US orthogonal packets. In the volume of emulsions 


oxamUM'-l, n ei'riH'Otlcn vmh mndo Tot* preclpa lat-lnn and a net'ounl. wao 
made' Vov l.ho oqulvalont volume of linsuo luvirqt iho avorar.o ratio of 
relardinf, e.apabi IHy equal to ? (in an interval from 0 to 10 MoV the 
ratio of retardlnn capahllltlea of tlsaue to the proton varier, from 
1.7 to r.?). noinp, the well known values of 1.F.T and KQ (coefficient 
of quality) in the tissuo as a function of energy protons, the absorp 
tlon doses and equivalent doses were found. All of these data are 
summarised in Table 10, 


TABLE 10 


/II 7 


Orthogonal Total Number of Count- Volumotrlo Dose Equivalent 

Detectors ed Ends of Tracks Denslt.y (Milllriid) Dose 

, Par 1 1 c L e s ( Mill 1 r em ) 

^ciP''™¥iisue 


9S + 9.6 

% 

llP-US 39 + 6.2 


(2.56s:0.27)aI 0"’ 44.2 s 0.5 130.2 i IS.V 

k * ^ ‘ 

(2.B7-i-0.4G)xI0^ 49.6 i 0.8 145.9 + iiO.4 


6.3, Disc ussion 


/II 6 


The purpose of this section of the oxper.iment was to evaluate the 
contribution of protons to radiation during flight of the KosmoB"93G- 
For an evaluation of irradiation by protons in the interval of energy 
from approximately 10 MeV to approximately 100 MeV we used the Q.5 /II 8 
emulsions and a count method for the number of grains dopendlng on the 
LET. This function can bo obtained from the calibrated curve of the 
relationship of the number of grains to the residual run in a given 
emulsion for the long end of the tracks and the tabulated date of the 
relationship of the LET to the residual run of pi^’otons in tho G.5 
emulsion [10], In the field from 0 to approximately 10 MeV in the 
tracks of protons in the G.o emulsion it was very difficult, if not 
impossible, to count the number of grains. Inasmuch as the K.2 emul- 
sions easily record tho ends of the proton tracks and thanks to their 
lower sensitivity in comparison with G.5 emulsions, they with uniform 
ir-radlation form leas apparent grains whose differentiation and count 
of the track ends is much easier. Measurements with the K.2 (0-10 MeV) 
and with the G.5 (10-100 MeV) components, with addition give the full 
spectrum of protons from 0 to 100 MeV. 


Even preflight it was well known that In the 6.S emulsions the 
tracks v.»1th minimum density of grains (g^ - 19 p;ralns/100 urn of emul- 
sion) and more probably tracks with 2 go and 3 Cq cannot be different 
duo to the excessive density of tracks expected in this long-term 


flight (3 6o corresponds, approximately, to 100 MeV protons). However 
the Irradiation was such that it was practically impossible to count 
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t.ho i-ira'n 
J4. war. v- 
lirack onrt 
only for 


:• In fho 6,‘i otnulnionB with a tlvickn»'T.r. t)f SI or 40 ym anri 
ry 'lirnruli and timo consuming. t.o dotorinlno the number of 
n In tho K.f emulsionr. . For this reason, results are obtained 
protons with enerf.los from 0 to 10 MeV. 


Adciitlnnfi 1 Hopcu't. s , 

Additional reports on the K-f06 oxporiment. will be presented later. 
They will be based on studios belnn ntade at the present time. Certain 
fields of the work beinf, done are desoribod below. 


The reoult-s of pamma soannlnr, on tho ?ootok type satellite, on 
the Kosmo 0 ^ 93 O, which r.lve a distribution of protection of spacecraft 
in relatli»n to the container for the K~f0b experiment are necessary /119 
for analysis of tho effect of protection on the fluence of H2E par- 
ticles. The results of gamma seanning were not obtained. 

A comparison of the Soviet and American experiments which was 
the main task of the K-206 will be made later after an exchange of 
reports . 

Studios of the effectiveness, sensitivity and reactions of plas- v 
tic detectors with accelerated Ions of a known energy and charge ob- 
tained on the Bevalak in Berkeley are being made. Tho results of 
those studies will be used for improving existing calibrated relation- 
ships for plastic detectors and treating of results obtained in the 
K- f 0 b e xp or imo n t . 

In order to considerably improve precision in determining S and 
expand the spectrum up to Z = 26 the Lexan part of the assembly will 
soon be measured. The results obtained from the Lexan will be tied 
to the results from the layers of cellulose nitrate. 

Other improvements in the Z spectrum proposed for the future will 
bo measurement of large values of etched tracks of particles. This 
assembly was measured with a resolution of 7 pm. It is completely 
possible to obtain a 5 times larger resolution without a corresponding 
Increase in measurement time. This will be done by scanning with low 
magnification and measurement with large. 

An analysis of data on measurement of neutrons is being done right 
now. Calibration of thermal neutrons being made at the present time 
makes it possible to directly calibrate the detectors v;hich were on 
tho Kosmos-936. This will be better than that based on bibliographical 
data which can be less precise. Also, the coefficient of selfscreening 
will be measured. Such studies are being done to clarify the question 
as to whether approximations used when calculating fluences of high 
energy neutrons can be improved. 
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Av u rT-nult- p>f atari mafic* on K-20<1 experiment the following 
oan he :.elntr*d out; 

1. Till* valuer, uf ao;;ca mcaamHui by the Soviet and American 
thermo laminoaeeni don lmf..i,!*ra ccimnldo in limits of error for the ex- 
periment. Clone valuer, of donen va>re obtained and calculation on 
the hET npectrum moanm'cd by the Soviet nuclear emulsions . 

2. The valuer, of abnorbocl doses of protons with energy less 
than 1C MeY moanurc'd by thi* Soviet and American specialists using 
emulnlonn practically coincide. The equivalent doses vary by I .65 
tlmen which in diu> to the higher value of the quality factor obtained 
for the spectrum of protons in the Soviet emulsions (QP = l|.9 in the 
Soviet NPE and 2.95 in the American NPE) . The causes for this dis- 
parity must be clarified in subsequent experiments. 

3 . In the K -206 experiment, close values of fluences were ob- 
tained for heavy charged particles measured by the Soviet and American 
plastic detectors. The cause of divergence in fluences of heavy nu- 
clei was successfully understood in the experiment on the Kosmos-782 
AES. The basis for this difference was the different thresholus of 
recording of the Soviet and American detectors, anx' the difference in 
positioning. Moreover, as a result of calibrations, the threshold of 
recording KNTs was made more precise for large charges. Earlier, in 
calibration for low energy ions at Dubna, the threshold of recording 

particles with LETigo amounted to 196 According to the results 

of calibration at Berkeley with high energies, this threshold amounted 

to 230 of the charge spectrum. 

. In the K -206 experiment, close values of fluences of neutrons 
were obtained with energies greater than 1 MeV. Measurements were made 
by specialists in the USSR and USA using fissionable foils. Later on 
Interest was expressed in obtaining data on spectra of neutrons. 

5 . Estimated measurements made in the K-206 experiment using /I 2 3 
the TLS for doses outside the satellite indicated that the size of 

the dose for flight reaches 20 rads whereas radiation is fairly soft 
and the dose drops sharply with thickness. There is further interest 
in a more careful study of the composition of radiation outside the 
sn''ellite and also the principle of attenuation of this radiation in 
the p.'Ot active shield. 

6. A calibrated curve of the relationship of LET to the potential 
of development of the emulsion was obtained for the first time in a 
broad range of LET values . 

7 . The first experiments were made in studying fragmentation 
of iron nuclei in an emulsion. For this purpose at Berkeley the 
emulsion chambers were irradiated with ions of iron. At the present 
time, the results are being processed. 
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»>r!mont has tmade It possible to obtain 
os «>f cosmic radiation in the blo- 
understand the results of the preoedine 
iiKC . Moronvor, th ’s experiment from be- 


nned and conducted as .? Joint Soviet-American 


experiment also posed novf questions which must 
r.ovlet-Amerlcan experiments on the radiation 
on the 1979 biosatellite. In the deslpai of the 
K-300 experiment, conclusions of the study on the Kosmos-78? and 936 
AEP are considered and particular attention will be devoted to the 
folloviine: 


— study of the characteristics of cosmic radiation outside a 
satellite and also the principle of attenuation of this radiation 
in the protective shield; 


- study of the neutron component (spectra, fluxes); /12l] 

— study of the characteristics of radiation in high LET-nucleus 
outputs ; 

— expansion of the LET range of recorded particles. For this 
purpose it was proposed that one use new types of plastic detectors 
of the CR type which make it possible to record low energy protons; 

— conduct of ground calibrations of detectors on the USSR and 
USA accelerators; 

— a further study of fragmentation of heavy nuclei as the pro- 
tective substance. 
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